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Preoperative Evaluation: History 


Marius C. Florescu and Troy J. Plumb 


1.1 Introduction 

An accurate and thorough preoperative history is a key com- 
ponent of any procedure. The preoperative history allows the 
interventionalist to appropriately plan the procedure. This 
includes devising the optimal approach, anticipating poten- 
tial complications, providing safe and effective conscious 
sedation, ordering the appropriate supplies, and ultimately 
performing a successful intervention. 

It is very important that the history is taken personally by 
the physician who will perform the procedure. A pertinent 
history can be obtained relatively quickly, but the extra effort 
expended taking a thorough history is time well spent. The 
interaction with the patient while taking a history allows the 
physician the opportunity to develop an overall evaluation of 
the patient, establish a good rapport, and often helps to 
decrease the patient’s anxiety before starting the procedure. 

Unlike most surgical procedures in which the clinician 
meets the patient in clinic to evaluate them prior to schedul- 
ing a procedure, the interventionalist is often meeting a 
patient for the first time immediately prior to the procedure. 
In that short period of time, the interventionalist must deter- 
mine if the requested procedure is indicated and/or appropri- 
ate, and whether it can be safely performed on each individual 
patient. Despite the fact that it is often colleagues and prac- 
tice partners requesting a procedure, the well-being of the 
patient is ultimately the responsibility of the person perform- 
ing the procedure. The history is a key factor in making these 
determinations and ensuring the patients safety. 

This chapter is intended to highlight the aspects of history 
the interventional nephrologist needs to focus in order to per- 
form a successful and safe procedure. We strived to explain 
the clinical use of the information obtained through the 
preprocedure history. Some of the information may overlap 
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for different procedures. Each subchapter has a table that sum- 
marizes the pertinent information needed for each procedure. 


1.2 Conscious Sedation 

The patient’s comfort is paramount to the success of the inter- 
vention. A combination of narcotics (usually fentanyl) and ben- 
zodiazepines (usually midazolam) is typically used to induce 
conscious sedation. There is a fine balance between optimal, too 
much, and not enough sedation. The presence of comorbid con- 
ditions which may complicate the procedure or place the patient 
at increased risk for conscious sedation must be sought [1]. 

Is the patient at an increased risk of an adverse reaction 
to conscious sedation? Has the patient had prior difficulties 
with anesthesia or conscious sedation? Most dialysis patients 
have had multiple vascular access interventions and are 
aware of prior problems. Additional questions that may be 
helpful include inquiry as to the need for reversal of the seda- 
tion, unintended intubation, or paradoxical reactions to med- 
ications during prior procedures. Has the patient required an 
extended stay in recovery or did they have to stay overnight? 

Patient allergies or adverse reactions to benzodiazepines or 
narcotics must be identified. What was the nature of the reaction 
and how severe was it? Many times the patients are not allergic 
to the whole class of medications and related medications can 
be safely used. Which narcotic or benzodiazepine was tolerated 
during previous procedures in order to use it again? 

Patients with severe abnormalities of the major organ sys- 
tems such as diseases of the airways, heart, or liver may be at 
particular risk for adverse events. A detailed history with 
regard to these organs/systems should be performed so that 
conscious sedation and the procedure may be adapted for 
each particular condition. Patients with severe chronic 
obstructive pulmonary disease tend to be more sensitive to 
the respiratory depression induced by conscious sedation so 
lower doses of both benzodiazepines as well as narcotics 
should be used. Likewise, patients with severe sleep apnea 
need to be identified and over sedation avoided. 
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Box 1.1. Conscious Sedation History 

1. Severe abnormalities of major organ systems 

2. Presence of hepatic insufficiency 

3. Presence of severe COPD, sleep apnea 

4. Allergic reactions to benzodiazepines and/or narcotics. 
Type of allergic reaction. What narcotics or benzodiaz- 
epines were tolerated during previous procedures? 

5. Panic attacks or claustrophobia during previous 
procedures 

6. Previous adverse experiences with sedation 

7. Chronic use of narcotic pain medications or 
benzodiazepines 

8. History of drug abuse 


Patients with severe congestive heart failure or chronic 
hypotension may have further lowering of their blood 
pressure with sedation. Patients with orthopnea from con- 
gestive heart failure or volume overload cannot lie flat on 
the procedure table and often benefit from a wedge placed 
under their chest. Patients with advanced liver disease may 
have delayed drug metabolism and thus require lower 
doses of medications and a prolonged period of observa- 
tion post-procedure. 

At the other extreme, patients may require additional 
sedation or even general anesthesia. It is important to know 
if the patient has extreme anxiety, a history of panic attacks, 
or claustrophobia. It is relatively common for patients to be 
intolerant of having their face covered during the procedure. 
Oftentimes premedicating the patient or “tenting” the drape 
will be enough to make the procedure manageable for them. 
In other cases, deeper sedation or general anesthesia may be 
required. Likewise, those with chronic pain may require spe- 
cial accommodations, padding, or deeper sedation. 

Patient with ongoing drug abuse or chronic narcotic and/ 
or benzodiazepine use may require higher doses than usual 
to induce effective analgesia and sedation. 

Box 1.1 summarizes the pertinent history needed for con- 
scious sedation. 


1.3 Medications, Allergies, Preexisting 


Conditions, and Contraindications 


All hemodialysis access procedures target large blood ves- 
sels and therefore bleeding is a potentially serious complica- 
tion. It is of utmost importance to identify those patients at 
increased risk of bleeding in order to minimize this risk. 
Interventionalists should inquire regarding the presence of 
coagulopathies, thrombocytopenia, history of prolonged 
bleeding, anticoagulant medication, and antiplatelet thera- 
pies. One must be aware of the newer classes of medications 
such as oral direct thrombin inhibitors which are now com- 
monly used to treat atrial fibrillation. Severe coagulation 
problems should be corrected before the procedure. 
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Box 1.2. History Information Important for Any Procedure 

1. Conditions that are increasing the risk of bleeding: 
coagulopathies, thrombocytopenia, anticoagulant, 
or antiplatelet medications 

2. What is the medical condition that requires antico- 
agulant therapy? 

3. Allergies to narcotics, benzodiazepines, local anes- 
thetic, radiocontrast dye, latex, heparin 

4. Recent myocardial infarction 

5. Presence of pacemakers, cardiac prosthetic valves, 
inferior vena cava filters 

6. Previous deficits in mentation or inability to ambu- 
late or move extremities. The baseline needs to be 
known before starting the procedure 

7. Pregnancy test 


In addition to knowing whether an anticoagulant is being 
used, the interventionalist needs to know the indication for anti- 
coagulation. In some instances, anticoagulation can be safely 
stopped for a few days (for instance, atrial fibrillation), but in 
others, like prosthetic cardiac valves, the anticoagulation cannot 
be stopped and the patient needs bridging anticoagulation. 

Careful attention should be paid to the review of the 
patient’s allergies. In the previous section we discussed inquir- 
ing about reactions to narcotics and benzodiazepines. Other 
clinically important allergies include radiocontrast dye, latex, 
local anesthetic, and heparin. Patients with radiocontrast dye 
allergy often respond well to preventive treatment. Depending 
on the protocol, corticosteroid and antihistamine medications 
administered beginning the day prior to or the day of the proce- 
dure can drastically reduce the risk of reactions. Latex allergy 
can be extremely severe. Latex-free gloves and instruments 
need to be used in allergic patients. Patients may have allergies 
to local anesthetics. Heparin is used in many of our procedures 
and in locking solutions for hemodialysis catheters. Heparin- 
induced thrombocytopenia needs to be identified and heparin 
completely avoided in these patients. 

It is imperative to be aware of a patient’s preexisting condi- 
tions such as chronic hypotension, dementia, neurologic defi- 
cits, severe congestive heart failure, and chronic pain in order 
to differentiate these preexisting conditions from possible new 
changes that may occur during the procedure or conscious 
sedation. Likewise, the presence of cardiac prosthetic valves, 
pacemakers, and inferior vena cava filters needs to be known 
to exercise caution to prevent dislodging these implants. 

Although women with end-stage renal disease (ESRD) have 
a low likelihood of becoming pregnant, this is not something to 
be overlooked. All women with child-bearing potential should 
be asked about a possible pregnancy. A pregnancy test should 
be performed if there is any possibility that the patient could be 
pregnant. Additionally, elective procedures should be avoided 
immediately after an acute myocardial infarction. 

Box 1.2 summarizes the important aspects of history that 
need to be taken before any procedure. 
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1.4 Hemodialysis Catheter Procedures 

Tunneled hemodialysis catheter procedures are an important 

part of the daily activity of any interventional nephrologist 

and consist of: 

e New tunneled hemodialysis catheter placement 

e Exchange of a catheter through the same vascular access 
and tunnel 

e Exchange of a catheter through the same vascular access 
with creation of new tunnel 

e Removal of the catheter and placement of another cathe- 
ter through a different access 

e Converting a non-tunneled “temporary” hemodialysis 
catheter into a tunneled catheter 

e Removal of a tunneled catheter 

e Obliteration of a fibrous sheath that caused catheter 
malfunction 
Each procedure has a unique indication and addresses 

specific problems. Before any procedure we must know the 

precise indication for the procedure to be able to determine 

which procedure should be performed. 


1.4.1 New HD Catheter 

In addition to knowing that the patient has committed to HD, 
we must exclude the presence of an ongoing severe infection 
which is a contraindication to the procedure. We should 
inquire about fever, chills, and positive blood cultures. 

Most hemodialysis patients have had one or more HD 
catheters since initiating hemodialysis. The presence of 
catheters can induce the formation of a stenosis in the 
veins used for vascular access as well as the superior vena 
cava. In order to place a new catheter, we need to know 
the following: how many catheters has the patient had? 
What was the location and how long ago were the catheters 
placed and removed? Were there any previous unsuccessful 
attempts to place HD catheters because of stenosed central 
veins? The use of external jugular veins for the catheter 
placement suggests the lack of a suitable internal jugular 
vein for access. 

The presence of superior vena cava stenosis might impede 
catheter placement. Asking the patient if they have/had upper 
chest collateral veins, arm, face, or breast swelling can iden- 
tify the presence of a central vein stenosis. Identifying these 
abnormalities can be very helpful and may prompt the inter- 
ventionalist to consider performing a venous angiogram with 
possible angioplasty through the venous access site before 
attempting to place the catheter. 

Some patients may have malformations of the central 
veins such as persistent left-sided superior vena cava. 
Malformations are rare, but can make catheter placement 
more challenging. Other patients may have had neck surgeries, 
neck radiation, or trauma which can also alter the anatomy 
and the availability of central veins. Each of these possibili- 
ties should be considered and inquiry made. 


Equally important is the presence of cardiac pacemak- 
ers or other intravascular devices such as inferior vena cava 
filters [2, 3]. The location of current or previously placed 
pacemakers as well as the timing of their placement should 
be known. The presence of pacemaker leads can often lead 
to central vein stenosis at the site of the venous access. 
The presence of pacemaker wires in the SVC should make 
us cautious during vein dilatation and catheter placement 
to avoid dislodging these leads. The presence of an infe- 
rior vena cava filter can interfere with a femoral vein tun- 
neled catheter placement or an inferior vena cava catheter 
placement. 

During our discussion with the patient, we need to discuss 
where the catheter exit site will be. Some patients may ask to 
change the position of the exit site. In the authors’ practice, 
we try to accommodate patient preferences when medically 
possible. 

We need to know the patient’s height as this closely cor- 
relates with the length of the catheter will use. 


1.4.2 Hemodialysis Catheter Removal 


The reason for catheter removal should be well understood 
by both the patient and interventionalist. The most common 
indications for this procedure are catheter infection and cath- 
eter malfunction, or the catheter is no longer needed because 
of functional arteriovenous access, transition to peritoneal 
dialysis, or recovery of renal function. It is important to 
know the precise indication, as to avoid removing a catheter 
that is still needed. 


1.4.3 Hemodialysis Catheter Exchange 


What is the reason for exchange? Infection? Malfunction? If 
the reason is infection, is there a tunnel infection that will 
require the creation of a new tunnel? Is the patient stable 
enough to have the catheter safely exchanged over a wire? 
Has the patient’s fever resolved? Are there recent blood cul- 
tures to assess for an ongoing infection? Has the infection 
been appropriately treated [4, 5] ? 

Purulent tunnel exit site discharges, pain, redness, and 
warmth over the tunnel suggest a tunnel infection. If the tun- 
nel is infected, it is sometime possible to exchange the cath- 
eter through the same venous access, but a new tunnel needs 
to be created. 

If the reason for exchange is catheter malfunction, we 
need to know the nature of the malfunction and if throm- 
bolytic medications have been used to lock the catheter [6]. 
How successful was the thrombolytic in improving cathe- 
ter blow flow? If the blood flow did not improve following 
thrombolytics, it suggests the presence of a fibrous sheath, 
catheter malposition, migration, or the presence of a kink. 
Catheters that allow fluid to be infused but from which blood 
cannot be removed or “pulled” often have a fibrous sheath. 


Box 1.3. History for Hemodialysis Catheter Procedures 
1. What is the indication for the catheter procedure? 
2. Infection: fever, chills, positive blood cultures, anti- 
biotic treatment 
3. Previous history of hemodialysis (central veins) 
catheters: number, location, timing, possible prob- 
lems encountered on catheter placement 
4. Infection of the catheter tunnel suggested by puru- 
lent discharge from the tunnel, pain, redness, 
warmth over the catheter tunnel 
. Presence and location of cardiac pacemakers 
6. Are there any signs of central vein stenosis, swell- 
ing of the face, arm, breast, collateral veins? 
7. Presence of inferior vena cava filter 
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In such cases, a pullback angiogram is needed to assess for 
the presence of a fibrous sheath and to obliterate it if present. 


1.4.4 Conversion From a Non-Tunneled 
to a Tunneled Catheter 


This procedure is mainly performed in hospitalized patients. 
Prior to this procedure it is paramount to exclude the pres- 
ence of an ongoing generalized or local infection and con- 
firm that the patient requires ongoing dialysis. 

Box 1.3 summarizes the main questions for the hemodi- 
alysis catheter procedures. 


1.5 Angiogram and Angioplasty 
Procedures 


Before starting the procedure, it is important to know the reason 
the patient was referred for angiogram. The reason can suggest 
the abnormality that will be found and help in planning the pro- 
cedure. Prolonged bleeding after hemodialysis needle removal 
suggests the presence of high pressure in the vascular access and 
the presence of a tight outflow stenosis. Outflow stenosis is also 
suggested by increased venous pressures signaled by the hemo- 
dialysis machine. Poor blood flow or decreased urea reduction 
ratio suggests an inflow or outflow stenosis. 

The date of access creation and any previous procedures 
(type and timing) performed must be known. The need for 
frequent angioplasties (every 2—3 months) suggests a poor 
prognosis, and referral for surgical revision may be indi- 
cated. It is very helpful to know the location of the lesions 
(stenoses) identified and treated on previous procedures. 
How severe were the lesions? What size balloons were used 
for angioplasty and with what results? What pressure was 
used for angioplasty? Were stents placed, and if so, what size 
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Box 1.4. Important Questions for Angiogram and 
Angioplasty Procedures 
1. When the access was created? 
Type and location of the access 
Reason for performing angiogram 
When the dysfunction occurred? 
Presence of steal symptoms 
Arm, face, or breast swelling 
Pain, warmth, or erythema of the access site 
Fevers or chills 
History of prior interventions 
History of prior complications during vascular 
procedures 
. For AVG the diameter of the material used to con- 
struct the graft 
12. Ulceration, thinning of the skin overlying the access 
13. Swelling of the access arm caused by infiltration 
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and types of stents were used? What was the indication and 
location of the stents? If stents were placed, are the stents 
being stuck for hemodialysis? Were there any complications 
such as vessel rupture or hematomas after previous proce- 
dures? The patient is unlikely to be able to answer many of 
these questions, but these can usually be found by looking at 
the medical record or contacting the dialysis unit [7]. 

If the access is a graft, it is useful to review the operative 
note to know the diameter and the type of the graft used in 
order to use the appropriate balloon size for angioplasty. 

It is also important to ask the patient if there have been any 
changes in the access. Pain, erythema, and increased warmth of 
the access site can suggest infection. Skin ulceration or skin 
thinning over the access site mainly when it is associated with 
the presence of a dilated access (aneurysm or pseudoaneurysm) 
can suggest impending rupture, and this constitutes an emer- 
gency that needs to be recognized and treated promptly. 

Box 1.4 summarizes the pertinent history prior to angio- 
gram and angioplasty procedures. 


1.6 Thrombectomy 
In addition to the history discussed in Sect. 4.4, there is addi- 
tional information that must be obtained prior to a thrombec- 
tomy procedure. When did the access thrombose? When was 
the last time the access was successfully used for hemodialy- 
sis [8]? How many thrombectomy procedures has the patient 
had on the current vascular access and what was their timing? 
A vascular access that has required numerous recent throm- 
bectomies may not benefit from another one. 

Prior to starting a thrombectomy procedure, the interven- 
tionalist must differentiate the arterial from the venous 


1 Preoperative Evaluation: History 


Box 1.5. Thrombectomy 

1. Approximate time of thrombosis 

2. Last time the access had been used 

3. Number and timing of the recent thrombectomy 
procedures 


Box 1.6. Pertinent History Prior to Thrombectomy 

Procedure 

1. Timing of angioplasty 

2. Location of the lesions 

3. Close attention to lesions that recur in less than 3 
months, especially if located in the central veins or 
venous anastomosis of the AVG 


portion of the graft. Many times the patient is able to tell us 
by the color of the needles used for HD. The red needle is 
placed in the arterial side and the blue needle in the venous 
side. In the author’s experience, this is not always reliable. 
If available, the orientation of the graft can be found from the 
operative note. Otherwise, the orientation of the graft may be 
determined based on the position of the wire when advanced 
into the vessels of the chest. 

It is also a good idea to know the hemodialysis catheter 
placement history in case the thrombectomy procedure is 
unsuccessful and a tunneled HD catheter needs to be placed. 

Box 1.5 summarizes the pertinent history prior to throm- 
bectomy procedure. 


1.7 Stent Placement 


The role of the endoluminal stents in the management of 
hemodialysis (HD) vascular access stenosis is unclear. With 
the exception of Flair stent graft for AVG venous anasto- 
motic stenosis, there is no FDA indication for the use of 
stents in HD vascular access [9-11]. In most circumstances, 
stents add significant cost and the potential for complications 
with unclear benefit. The possible indications to use stents 
for the management of hemodialysis vascular access are: 
1. Angioplasty failure. Not anymore with the introduction 
of new, high pressure balloons 
2. Venous anastomosis stenosis of the AVG (Flair stent graft). 
3. Recurrent stenosis (mainly in the central veins) less than 
3 months after angioplasty 
4. Vascular access rupture after angioplasty to stop the 
bleeding 
If the use of a stent is contemplated, the preprocedure 
history should focus on information that would support their 
use, such as the number and timing of procedures performed 
on the current access. Frequent, recurrent, and clinically 


Box 1.7. Fistula Salvage 

1. How long since the access was created? 

2. Type and access location 

3. Were there any complications after AVF creation surgery? 

4. Use history: Has the fistula been used? Have there 
been problems with its use? 

5. What other procedures were performed to attempt 
the salvage of the current access and what were the 
findings and interventions? 

6. Timing of the previous salvage attempts 

7. CHF, severe cardiac valve abnormalities, arterial 
stenoses, central veins stenoses 

8. The location and timing of the previous failed vas- 
cular accesses 


significant stenosis following successful angioplasty might 
support the use of a stent. Central lesions may benefit from 
stent placement more than peripheral lesions 

Box 1.6 summarizes the pertinent information needed 
prior to stent placement. 


1.8 Fistula Salvage Procedure for Lack 


of Maturation 


Approximately 50 % of new AVF fail to mature. Endovascular 
interventions to assist AVF maturation are effective in increas- 
ing the rate of AVF maturation. The timing of the procedure is 
important. Six-week post-AVF creation seems to be the ideal 
time to intervene if the AVF fails to mature. The preopera- 
tive history should focus on location of the AVF, the timing of 
placement, and intraoperative or postoperative complications 
of AVF surgery. Was the access ever used for hemodialysis? If 
so, what problems were encountered? Were other procedures 
performed to assist in this AVF maturation? If yes, what was 
the timing, findings, or interventions [12—14]? 

Are there any factors that may prevent an increase in AVF 
blood flow? We should inquire about severe congestive heart 
failure (CHF) and severe cardiac valvular abnormalities (ste- 
noses or regurgitation) which may decrease cardiac output. 
Could the patient have arterial stenoses and central veins ste- 
noses, or do they have a pacemaker? 

The location and timing of previous failed vascular 
accesses is important. If the patient still has vascular access 
sites available, a new AVF might be a better option than 
repeated attempts to salvage an access that is not maturing 
despite numerous interventions. If there are no other vascular 
access sites available, we can consider being more aggres- 
sive in hopes that the access will mature. 

Box 1.7 summarizes the important data needed prior to 
fistula salvage procedures. 


Box 1.8. Pertinent Information History 

Prior to PD Catheter Placement 

1. Abdominal surgeries 

2. Previous PD catheters placed 

3. Peritonitis, diverticulitis, ectopic abdominal preg- 
nancies, ascites 


1.9 Peritoneal Dialysis (PD) Catheter 


Placement 


Fluoroscopic- or peritoneoscopic-guided peritoneal dialysis 
catheter placement by interventional nephrologists is gain- 
ing popularity. Before the insertion of a new peritoneal dial- 
ysis catheter, special attention should be directed towards the 
condition of the peritoneal cavity. The number, types, and 
dates of all previous abdominal procedures need to be known 
[15]. Does the patient have any hernias that may make this 
procedure contraindicated? A history of abdominal surgeries 
is not a contraindication to PD tube placement, but it is 
important to know this prior to the procedure in order to 
evaluate the chances of a successful and safe procedure as 
well as the success of peritoneal dialysis as a technique. A 
history of peritonitis, diverticulitis, ectopic abdominal preg- 
nancies, and severe abdominal trauma should also be 
elicited. 

Any concurrent infection needs to be treated before the 
catheter insertion. Presence and nature of ascites is impor- 
tant to know before the PD catheter insertion. 

Box 1.8 summarizes the pertinent information history 
prior to PD catheter placement. 
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Preoperative Evaluation: Physical 


Examination 


Vandana Dua Niyyar 


2.1 Introduction 


He who studies medicine without books sails an uncharted sea, 
but he who studies medicine without patients does not go to sea 
at all. 

— William Osler 


Physical examination is an invaluable tool that assists in 
diagnosis and evaluation of the patient and has been used 
since the advent of medicine. As nephrologists and interven- 
tionists, we are well aware that hemodialysis vascular access 
problems represent an exceedingly important part of the 
management of the end-stage renal disease patient. A thor- 
ough and detailed physical examination is an excellent, non- 
invasive, and accurate method for initial evaluation and 
helps guide our interventional procedures — not only those 
that we do but also those that we do not do. 


2.2 General Examination 

An abbreviated history and physical should be performed on 
every patient that presents for an interventional procedure, 
focusing not only on the presenting symptoms but also on 
allergies, comorbidities, and a review of systems. A medication 
history focusing on chronic systemic anticoagulation and pain 
medication should also be obtained, as adjustments may need 
to be made to the doses used in conscious sedation and the use 
of heparin or thrombolytics. A detailed history of previous 
accesses, including evidence of central venous catheters like 
scars on the chest wall, swollen extremities and face, and the 
presence of collaterals, the presence of PICC lines and cardiac 
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rhythm devices, as well as presence and location of previous 
surgical scars, should be performed and documented. 

A thorough physical examination of the access itself is 
essential prior to performing an interventional procedure. 
Not only does it provide information with regard to the 
source of the problem but also aids in planning the interven- 
tional procedure and the direction of cannulation. Numerous 
studies have shown excellent correlation of the accuracy of 
physical examination as compared to the gold standard 
(angiography) in both AVF and AVG [1-3]. Indeed, physical 
examination has shown to be equivalent to, if not superior to, 
normalized pressure ratios [4], ultrasound [5], or intra-access 
pressures [6] in detecting access dysfunction. In a compari- 
son of the accuracy of physical examination performed by a 
trained nephrology fellow as compared to an experienced 
interventionist, the authors reported a strong correlation 
between their findings, concluding that physical examination 
of the dialysis vascular access is an important and easily 
taught skill that should be incorporated in a formal training 
curriculum [7]. 

This chapter details the general physical examination 
as well as intervention-specific scenarios for particular 
interventions. 


2.3 Physical Examination Prior to Access 


Placement 


The majority of patients in the USA still initiate hemodialy- 
sis with a central venous catheter (CVC) as their access 
[8, 9]. Frequent phlebotomies, peripherally inserted central 
catheters (PICC) lines [10], and a high prevalence of comor- 
bid conditions including diabetes, obesity, and vascular dis- 
ease [11] in this high-risk population may negatively impact 
the vasculature and contribute to early AVF dysfunction. In 
order to mitigate this complication, preoperative evaluation 
for arteriovenous fistula (AVF) placement can, and must, be 
done. The initial physical examination may be done by a 
simple bedside assessment to determine the patency of the 
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Fig. 2.1 The Allen test. The patient is asked to make a fist and pressure is 
applied over both the ulnar and the radial arteries to occlude them (a). Once 
the fist is opened, the hand should appear blanched or pale. Then, pressure 


arterial and the venous systems. Arterial evaluation is essen- 
tial as the artery not only provides adequate inflow for access 
development but also the blood supply of the forearm and 
hand. It includes documentation of bilaterally equal strong 
pulses, differential blood pressure measurements in both 
extremities, and the Allen test. The brachial, radial, and ulnar 
pulses should be examined in both upper extremities, and 
their quality should be recorded, whether normal or dimin- 
ished. Blood pressure measurements should be taken in both 
arms; a difference of 20 mmHg or greater in systolic blood 
pressure between the two arms is abnormal and should 
be recorded. The Allen test helps to confirm the patency of 
the palmar arch and thereby the collateral circulation to the 
hand. It should be performed prior to creation of any AVF, 
but particularly a forearm AVF. The patient is asked to make 
a fist and pressure is applied over both the ulnar and the 
radial arteries to occlude them. Once the fist is opened, the 
hand should appear blanched or pale. Then, pressure is alter- 
nately released from both the arteries and the hand moni- 
tored for return to color. If the color returns rapidly on release 
of the individual artery, it suggests that the blood supply to 
the hand is sufficient (Fig. 2.1). 


is alternately released from both the arteries and the hand monitored for 
return to color. If the color returns rapidly on release of the individual 
artery, it suggests that the blood supply to the hand is sufficient (b, c) 


For the venous examination, a tourniquet is placed sequen- 
tially at the upper extremity and the veins are visually 
inspected to determine the diameter, the distance of the vein 
from the skin surface, and the length of a straight venous seg- 
ment suitable for cannulation [12]. An upper extremity physi- 
cal examination, though valuable, is often inadequate when 
used alone — particularly in obese patients or those with a 
history of prior vascular access. In such cases, it may need to 
be supplemented with additional techniques, such as ultraso- 
nography or venography [13]. In a cohort of 116 patients, the 
authors classified vein quality as good in patients in whom 
the cephalic vein was easily visualized, poor with hardly vis- 
ible veins, and absent when no veins could be seen on physi- 
cal examination. In patients with poor or absent veins, Duplex 
sonography was performed, and venography was reserved for 
those patients who did not have adequate veins on both physi- 
cal examination and ultrasound. Preoperatively, clinically 
visualized veins could be found in only 54 of 116 patients 
(46.5 %), and poor or clinically absent veins were found in 62 
patients (53.5 %). Further, of these 62 patients, duplex sonog- 
raphy found adequate veins in 48 patients (77 %), and only 14 
patients (23 %) required venography [13]. 


2 Preoperative Evaluation: Physical Examination 


2.4 Physical Examination Prior 
to Interventional Procedures 
on Arteriovenous Fistulae and Early 


Fistula Failure 


Even with an increasing use of preoperative vessel mapping 
as described above, AVF has a high rate (20-50 %) of pri- 
mary or early fistula failure (AVF that either does not ade- 
quately develop or fail within the first 3 months) that 
precludes their successful use for dialysis [14]. 

Though there may be multiple reasons for early fistula 
failure, they are primarily due to “inflow” problems — arterial 
or juxta-anastomotic stenosis or due to accessory veins that 
divert blood away from the main channel and prevent it from 
developing adequately. 


2.4.1 Inflow Problems 

Arterial lesions are secondary to diseased, calcified arteries 
and, ideally, should have been evaluated preoperatively by 
vascular mapping. Juxta-anastomotic stenosis (a narrowing 
of the venous segment within 2 cm of the arterial anastomo- 
sis) is usually related to surgical trauma as this is the part of 
the vein that is manipulated to create the anastomosis. Inflow 
problems are easily diagnosed on physical examination by 
assessing the AVF for augmentation [15]. On palpation of a 
normal AVF, there is a pulse at the arterial anastomosis and a 
soft compressible thrill throughout the AVF. On downstream 
occlusion (with a tourniquet or just manual pressure), the 
AVF augments or increases in size. However, in the presence 
of a juxta-anastomotic stenosis, the AVF itself is pulsatile 
with a decreased thrill. As the inflow into the access is limited 
by the stenosis, the augmentation is minimal. Furthermore, 
the site of the stenosis can be detected by gradually moving 
proximally along the fistula, as the thrill weakens at the site 
of stenosis. Auscultation at the stenotic area reveals an audi- 
tory whistle suggestive of an obstruction. 


2.4.2 Accessory Veins 


In an ideal forearm AVF, there is one main channel (cephalic 
vein) which ultimately develops into a mature, usable AVF. 
However, the cephalic vein may have additional side 
branches (Fig. 2.2). Though this may be advantageous in that 
it allows several channels for the outflow and may even lead 
to the development of alternative sites for cannulation, in 
certain cases these accessory veins divert blood flow away 
from the main channel and may result in inadequate develop- 
ment of the AVF, resulting in early fistula failure. 

Accessory veins are readily diagnosed by physical exami- 
nation, as they are easily visible. Their significance can 


Fig. 2.2 Accessory veins in a forearm radiocephalic AVF. The main 
channel is well developed and used for hemodialysis 


be ascertained by the effect of their occlusion on the main 
channel; if the AVF augments once the accessory vein is 
occluded, the accessory vein is significant and ligation may 
be considered. 


2.5 Late Fistula Failure 

AVF that fails after 3 months of use is classified under late 
fistula failure and is commonly due to “outflow” problems as 
a result of venous stenosis. Other problems that AVF may 
present with include aneurysm formation, infection, high- 
output heart failure, and thrombosis. Each of these is indi- 
vidually discussed in detail below. 


2.5.1 Venous Stenosis 

Venous stenosis in the outflow tract can be detected by a 
simple bedside test to evaluate for collapse of the AVF [15]. 
If there is no stenosis, elevation of the arm above the level of 
the heart will result in collapse of the AVF and a soft thrill. 
In the presence of a downstream stenosis, the AVF distal to 
the stenosis does not collapse and becomes hyper-pulsatile. 
Auscultation reveals an audible high-pitched sound (whis- 
tle) with a change in the character of the thrill at the site of 
stenosis. 


2.5.2 Aneurysm Formation 


In patients with proximal stenosis, as a result of the 
increased pressure within the circuit, the AVF wall may 
weaken over time, leading to dilatation and the develop- 
ment of an aneurysm (Fig. 2.3). A true aneurysm is defined 


Fig. 2.3 Aneurysmal AVF with associated skin changes 


as dilatation of the outflow vein to more than three times 
the normal vessel diameter with a minimum aneurysm 
diameter of 2 cm [16]. Aneurysms are more likely to 
develop distal to the stenosis, especially where the vessel 
wall has already been weakened by repetitive cannula- 
tions (one-site-itis). Aneurysms are not only cosmetically 
disfiguring, but their size and any associated skin changes 
should be progressively followed to determine if and when 
surgical intervention is needed. Aneurysm repair is indi- 
cated for symptomatic complications when aneurysms 
become large enough to impact the patient’s quality of life 
or AVF use including skin changes such as thinning or 
erosion, pain, thrombosis, venous hypertension, or a 
shortened area for cannulation [16]. Impending rupture of 
the AVF is a relative emergency, and signs on physical 
examination include marked thinning, hypopigmentation, 
or ulceration of the skin overlying the fistula. The patient 
should be sent for emergent surgical repair with instruc- 
tions on occluding the arterial inflow in the event of AVF 
rupture. 


2.5.3 High-Output Heart Failure 


The creation of an AVF leads to changes in hemodynamics 
and cardiac remodeling. In some upper arm AVF, especially 
brachiocephalic AVF, increased blood flow through the AVF 
(typically >2 l/min) predisposes patients with preexisting 
cardiac dysfunction to cardiac decompensation and the 
development of high-output heart failure [17]. 

These patients present with symptoms suggestive of 
worsening heart failure and shortness of breath and have a 
resting tachycardia on examination. Occlusion of the AVF 
results in a decrease in the pulse rate (Nicoladoni-Branham 
sign) and may add important clinical information regarding 
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the hemodynamic significance of the AVF [18]. The 
management of these patients usually requires reduction or 
obliteration of the flow through the AVF, which results in 
symptomatic improvement [19-21]. 


2.5.4 Distal Ischemia 


Hand ischemia in patients with an arteriovenous access 
is a serious complication, and a detailed history and 
physical examination helps to delineate the underlying 
etiology [22]. The key factors in examination are distal 
arterial pulses, skin temperature, gross sensation, and 
movement and should be compared to the contralateral 
side. Patients with preexisting peripheral vascular dis- 
ease and those with brachial artery AVF (as compared to 
radial artery AVF) are more predisposed to the develop- 
ment of ischemia [23]. In the classic “steal syndrome” or 
distal hypoperfusion ischemic syndrome (DHIS) [22], 
the patient presents with hand pain that worsens on dial- 
ysis, a cool hand with cyanotic discoloration, and 
decreased pulses. In more severe cases, evidence of isch- 
emic changes in the skin, especially at the fingertips, 
may be present. A distal pulse that is weak on initial 
examination and strengthens on AVF occlusion is sug- 
gestive, though not pathognomonic, of arterial steal, as it 
suggests that the access is stealing too much blood away 
from the distal extremity. Differential diagnoses include 
(a) ischemic monomelic neuropathy that presents acutely 
with weakness of the muscles with prominent sensory 
loss from nerve damage due to vascular insufficiency and 
(b) carpal tunnel syndrome that presents with chronic 
hand weakness, numbness, and pain unrelated to dialy- 
sis. It is essential to identify the pathophysiology of the 
hand pain prior to the interventional procedure, particu- 
larly if the patient presents with a concomitant outflow 
stenosis, as an angioplasty to improve the blood flow 
through the access may inadvertently worsen the isch- 
emic symptoms. 


2.5.5 Thrombosed Access 


When a patient presents with a thrombosed access, there is 
no palpable thrill or bruit on auscultation throughout the 
access, though a pulse may still be palpable at the arterial 
anastomosis. The number of days since the last full hemo- 
dialysis session should be noted and the patient placed on 
a monitor preoperatively to monitor for cardiac effects of 
hyperkalemia including bradycardia and EKG monitoring 
suggestive of prolonged P-R or Q-R-S intervals. 
Additionally, if the patient has a thrombosed “mega-fis- 
tula” (Fig. 2.4), it is likely that there is a large thrombus 
burden leading to a higher risk of symptomatic pulmonary 
embolism. 


2 Preoperative Evaluation: Physical Examination 


Fig. 2.4 Enlarged brachiocephalic AVF (mega-AVF) 


2.6 Physical Examination Prior 
to Interventional Procedures 
on Arteriovenous Grafts 
2.6.1 Determining the Direction of the Flow 


The access circuit begins and ends in the heart; and the direc- 
tion of flow is from the feeding artery to the draining vein. 
However, in instances with unusual configurations and loop 
arteriovenous grafts, it is essential to determine the configu- 
ration prior to cannulation to avoid recirculation. At the bed- 
side, the AVG is occluded at the apex of the loop and both 
sides are palpated (Fig. 2.5). The arterial (inflow) limb of the 
graft will have an augmented pulse as the blood tries to force 
past the occlusion, while the venous (outflow) limb of the 
graft will have a diminished or absent pulse. 


2.6.2 Venous Stenosis 


Though venous stenosis in an AVG, similar to an AVF, is 
secondary to outflow stenosis, the underlying pathophysiol- 
ogy differs in that it is a result of the development of neointi- 
mal hyperplasia at the vein-graft anastomosis [24]. The graft 
and draining veins are examined to determine the character 
of the pulse, the location and intensity of thrills, and the 
duration and pitch of the bruit. The physical examination 
reflects the increase in pressure within the access circuit con- 
sequent to the downstream stenosis and the AVG is pulsatile 
throughout, not just at the arterial anastomosis. The normal 
character of the soft bruit changes, and there is a high-pitched, 
harsh bruit at the site of maximum turbulence. 


2.6.3 Pseudoaneurysms 


AVG-associated pseudoaneurysms differ from AVF- 
associated true aneurysms, as they are composed of skin and 


Fig. 2.5 To determine direction of flow, the AVG is occluded at the 
apex of the loop and both sides are palpated. The arterial (inflow) limb 
of the graft will have an augmented pulse as the blood tries to force past 
the occlusion, while the venous (outflow) limb of the graft will have a 
diminished or absent pulse 


fibrous connective tissue and are secondary to a combination 
of outflow stenosis causing an increase in pressure within 
the access, with repetitive cannulation at the same sites lead- 
ing to dilatation at the site of the resultant graft defect. The 
presence of a pseudoaneurysm necessitates an evaluation for 
venous stenosis. The overlying skin should be closely moni- 
tored for thinning, hypopigmentation, scarring, ulceration, or 
spontaneous bleeding, as it may rupture leading to massive 
hemorrhage. 

If the diameter of the pseudoaneurysm is greater than 
twice the diameter of the graft, the patient should be 
referred for surgical revision [25]. Placement of a stent 
graft should be avoided in the cannulation area due to con- 
cerns for infection and the risk of protrusion of the stent 
through the skin [26]. 


2.6.4 Infections 

Infection of an AVG is a serious complication, and it is 
essential to differentiate a reactive inflammation (secondary 
to thrombosis or postoperative) from a true graft infection. 
Immediately postoperatively, an inflammatory dermal reac- 
tion localized to the graft may be seen; pain and the associ- 
ated swelling may make it seem similar to a superficial or 
deep graft infection. Superficial graft infections are generally 
related to a cannulation site and present as a localized area of 
cellulitis. On physical examination, there is minimal or no 
inflammation, swelling, or pain. Deep graft infections are 
usually at the site of graft surgery or cannulation sites and 
characterized by the classic signs of inflammation including 
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erythema, warmth, and a fluctuant swelling extending into 
the surrounding tissues. It is often painful and management 
involves partial or total graft excision [27]. 


2.6.5 Thrombosed Access 


On examination of a thrombosed AVG, there is no palpable 
thrill or bruit on auscultation throughout the graft, though a 
pulse may still be palpable at the arterial anastomosis. There 
may be a reactive superficial cellulitis in response to the 
underlying thrombus, which must be differentiated from a 
true graft infection as detailed above, prior to attempting an 
endovascular procedure. The mean clot volume in a throm- 
bosed graft has been shown to be much lower than expected 
(3 cm?) [28] and by inference, the risk of symptomatic pul- 
monary emboli may be less than that with mega-fistulas 
unless there are associated pseudoaneurysms. 


2.7 Physical Examination Prior to 
Interventional Procedures on Central 
Venous Catheters 

2.7.1 Central Venous Stenosis 


Central venous stenosis may present with swelling of the 
arm, neck, and/or face based on the site of stenosis. If the 
stenosis is in the subclavian vein, the patient presents with 
unilateral arm swelling, while a stenosis of the superior vena 
cava presents with swelling of the face and neck as well 
(SVC syndrome). A detailed history of previous central 
venous catheters including scars on the chest wall, PICC 
lines, and cardiac rhythm devices and the presence of col- 
laterals (Fig. 2.6) should be performed and documented. 
Other risk factors for central venous stenosis include the 
caliber, site (subclavian>internal jugular), and duration of 
the catheter [29]. It is important to realize that central venous 
lesions may be asymptomatic and not all cases are associated 
with a previous history of a central venous catheter. 


2.7.2 Infections 

Management of tunneled dialysis catheter infections differs 
based on their site of involvement. These infections can be 
classified as exit site infections, tunnel infections, and 
catheter-related bacteremia (CRB). An exit site infection is 
restricted to the exit site and is easily recognized on physical 
examination by redness, crusting, and exudate. An exit site 
infection is a localized infection and should be treated with 
topical antibiotics [25]. A tunnel infection is defined as 
infection within the catheter tunnel — the part of the catheter 
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Fig. 2.6 Previous central venous catheter scars on the chest wall and 
the presence of collaterals 


from the cuff to the exit site. The patient presents with 
warmth, redness, swelling, and exquisite tenderness over the 
catheter tunnel, and occasionally an exudate may be 
expressed from the tunnel. Appropriate treatment consists of 
removal of the catheter and systemic antibiotics based on 
culture results. If the patient needs dialysis prior to resolu- 
tion of the infection, a catheter should be placed at an alter- 
native site. Catheter-related bacteremia reflects bloodstream 
infection, and these patients present with systemic symp- 
toms including fever, chills, and a positive blood culture. 
There are no other clearly visible signs on physical examina- 
tion, though a CRB may present with a concomitant exit site 
or tunnel infection. The management is based on the infect- 
ing organism, the need for dialysis, and the hemodynamic 
stability of the patient [30]. 


Conclusions 

Even with the advent of elaborate and expensive technol- 
ogy, physical examination is far from obsolete. An inex- 
pensive, quick, and thorough physical examination 
performed at the bedside provides essential clues to the 
management of vascular access in hemodialysis patients. 
It is an invaluable, easily teachable skill in the nephrolo- 
gists and interventionists armamentarium and should be 
utilized more widely and frequently. 
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Admission After Intervention: 


When and Why 


Bharat Sachdeva 


Dialysis access care is integral to wholesome management 
of an ESRD patient. Access care contributes to major mor- 
tality and morbidity in ESRD and is also associated with 
tremendous cost to the system [1]. Over the last 15 years, 
there has been approximately 50 % drop in the rate of hos- 
pitalizations for access-related complications in ESRD [1]. 
Untimely, improper and low priority care of access resulted 
in nephrologists stepping up to take care of problems affect- 
ing their patients. Nephrologists traditionally had performed 
kidney biopsies and inserted temporary dialysis catheters. 
Interventional nephrologists have shown excellent outcomes 
when performing endovascular procedures with minimal 
complications [2, 3]. Over the years, growth in interven- 
tional nephrology (IN) has occurred primarily as freestand- 
ing access centers bringing financial value to the practice. 
Timely care, convenience, comfort, and improved outcomes 
are all benefits delivered to patients by IN, but safety during 
the intervention should remain the prime goal and respon- 
sibility of the operator. Decision of admission to hospital is 
taken after careful assessment of risk to a patient before, dur- 
ing, and after a procedure. 


3.1 Are There Patients That Will Require 


Hospitalization Prior to a Procedure? 


The ability to deliver safe and effective moderate sedation 
is crucial to the ability to perform invasive procedures [4]. 
Intraoperative procedure experience should be as smooth for 
the patient as can be and should start with preemptive assess- 
ment of patient’s comorbid conditions, physical examination, 
history of allergies, or prior experiences with medications 
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used in procedure sedation analgesia (PSA). Sedative drugs 
used for PSA should have a quick onset of action, maintain 
moderate sedation during surgical treatment, provide rapid 
and clear-headed recovery, and be easy to administer and 
monitor. Sedation and analgesia comprise a continuum of 
states ranging from minimal sedation (anxiolysis) through 
general anesthesia. Decision to apply level of sedation/anal- 
gesia has to be individualized to a given patient taking into 
account factors including but not limited to nature of the 
procedure, comorbid medical conditions, patient’s level of 
anxiety, history of complications in prior procedures with 
use of anesthetic drugs, and operator experience with sedat- 
ing procedure. 

Preoperative work-up should incorporate a focused physi- 
cal examination, including vital signs, auscultation of the 
heart and lungs, and evaluation of the airway. Laboratory 
testing should be guided by the patient’s underlying medical 
condition and the likelihood that the results will affect the 
management of sedation/analgesia. Most commonly used 
agents for PSA include a combination of benzodiazepines, 
opioids providing amnesia, and analgesia, respectively. 

Ability to maintain airway and ventilation is directly 
affected by sedation/analgesia. The effect of sedative medi- 
cations on patient’s ability to maintain and protect airway is 
exacerbated in CKD patients, and PSA may be relatively 
contraindicated in patients who may have a difficult airway. 
Key to minimizing risk is to identify and monitor patients at 
higher risk. Uncooperative patients, morbid obesity, poten- 
tially difficult airway, and sleep apnea are all associated with 
an increased risk of ventilation/oxygenation complication 
and may benefit from preprocedure consultation to anesthe- 
sia. There is no specific age above which PSA may not be 
performed, though the risk is higher for elderly patients 
[5, 6]. Comorbid conditions including heart failure, dehydra- 
tion, chronic obstructive pulmonary disease (COPD), and 
neuromuscular disease should be assessed prior to the proce- 
dure and corrective measures be taken to optimize hemody- 
namics [7]. Several recent studies have supported the use of 
PSA across a broad patient population with careful clinical 
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supervision. When careful attention is paid to examine sub- 
ject and modus operandi individualized, most procedures 
can be completed with minimal complications and no hospi- 
talization [8—10]. 

The risk to patient for complications may persist after 
their procedure is completed. Decreased procedural stimula- 
tion and slow drug elimination in chronic kidney disease 
(CKD) patients may contribute to residual sedation and car- 
diorespiratory depression during the recovery period. 

Continued monitoring will be required if patient is not 
fully alert and oriented; infants and patients whose mental 
status was initially abnormal should have returned to their 
baseline status [5, 7]. Abnormal vital signs should be watched 
till they return to acceptable limits. If the patient required 
a reversal agent during the procedure, practicing physician 
needs to be aware of the short half-life of these agents (nal- 
oxone, flumazenil) and up to 2 h should have elapsed after 
the last administration of reversal agent [7]. This would 
ensure that patients do not become resedated after reversal 
effects have worn off. 

In summary, comprehensive assessment prior to a proce- 
dure will identify patients at high risk for complication. PSA 
can be safely administered in all patients with adequate plan- 
ning and preparation [7]. 


3.2 Does the Nature of Procedure Require 
Inpatient Care? 


The last decade has seen tremendous growth in vascular 
access centers and the role of nephrologists has been rede- 
fined, from being passive facilitator of patient care to an 
interventionist rendering solutions to complex dialysis 
access demands. List of procedures performed by nephrolo- 
gists continues to grow, with more complex procedure being 
added to the roll [2, 11-14]. So as more complex cases are 
performed at freestanding access centers without any backup, 
are there any interventions that will warrant inpatient care? 
Reviewed below are common procedures and recommenda- 
tions for the place of service. 


3.2.1 Percutaneous Needle Biopsy of Kidney 

Native kidney biopsy is frequently performed for diagnostic 
purposes. Minor complications are defined as gross hematu- 
ria and perinephric hematoma that resolve without the need 
for transfusion or intervention. Major complications are 
defined as those requiring a blood transfusion, invasive 
radiological procedure (angiogram/coil), nephrectomy, and 
bowel perforation [15-17]. Automated spring-loaded biopsy 
gun is widely accepted to be standard approach and biopsies 
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are done under real-time ultrasonography [18]. The standard 
of care has been to observe patient post-biopsy for 24 h as 
suggested by most studies [15-17]. There was correlation 
with the 6-h post-hematocrit drop with rate of complication 
in one study [15], yet another study suggested that >20 % of 
complications may be missed if patient is discharged within 
8-h post-renal biopsy [17]. The only randomized control 
study comparing manual to automated kidney biopsy noted 
11 % incidence of perirenal hematoma post-kidney biopsy. 
All patients were required to have 12 h of strict bed rest after 
the biopsy [18]. Based on above data it is safe practice that 
patient be observed for 24-h post-biopsy. 


3.2.2 Interventions Directed at Vascular 


Access 


Wide spectrum of services are now offered at access cen- 
ters with an objective to create, maintain, and salvage hemo- 
dialysis access. Data over the last decade, from several 
operators, supports safe application of these techniques in 
freestanding access centers with minimal complications [2, 
19-21]. Ability of nephrologist to provide wholesome care 
has helped improve overall access health [1], and we strive 
to attain goals set by CMS and fistula first for hemodialysis 
patients [22]. 


Angiogram, Angioplasty, and Stent Placements 

Success of angiography/angioplasty procedures has been 
upwards of 98 % [21] and the complications associated with 
the procedures are low [21]. Complications graded as high- 
grade complications are noted to be less than 0.05 % [2], and 
though the data is not available as to what percentage of these 
may require admission for management of the complication, 
the overall numbers may be lower than 1 out of 2,000 patients 
at risk [2]. 99.9 % of procedures performed in access center 
have no complication (>98 %) or minor complications noted 
during the procedure managed with nominal interventions [2]. 


Central Vein Catheter Placement/Tunneled/Port 
About a quarter of all dialysis patients require a central 
venous catheter for long-term dialysis causing considerable 
morbidity and mortality. Infections continue to be a major 
cause of admissions into hospitals and contribute to a high 
mortality [1]. Since 1993 infection-related hospitalizations 
have increased a whopping 43 % [1], and a majority of these 
are associated with tunneled dialysis catheter (TDC). 

TDC patients on hemodialysis have 0.9-2.0 episodes of 
bacteremia per year of catheter use. If we account for the total 
dialysis population inUSA, this would account for 100,000 
incidents of bacteremia and with roughly 10 % of these 
developing infection-related complications, over 10,000 
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admissions for catheter infection [23-25]. Complications 
from catheter infection include sepsis, metastatic infection 
to the cardiac valves or the spine most commonly, septic 
arthritis, skin abscess, and thrombosis of the insertion vein. 

Port-a-catheters are similar to TDC with subcutaneous 
port reservoir and are primarily used for central vein access 
for chemotherapy. Successful placement and management of 
port-a-catheters will involve the nephrologists to be aware of 
indications for catheter removal and management of infec- 
tions at times requiring hospitalization and intravenous anti- 
biotics [13]. 

Indications for hospitalization and management of infec- 
tion from a TDC or a port-a-catheter will be severe sepsis 
with hemodynamic instability, diagnosis and management of 
a suspected metastatic infection after bacteremia, treatment 
of deep vein thrombosis associated with catheter insertion/ 
infection, amongst other clinical indications. 

If catheter-related bacteremia is suspected clinically, 
empiric antibiotic therapy should be started quickly, without 
waiting for the culture report. Bacteriological data from sev- 
eral studies show a mixture of gram-negative/gram-positive 
rods, thus mandating broad-spectrum antibiotic coverage for 
both gram-positive and gram-negative organisms pending 
culture results. Many staphylococcal infections in hemodi- 
alysis patients are caused by methicillin-resistant species, 
requiring empiric therapy with vancomycin pending sensi- 
tivity reports. 

Treatment of catheter-related bacteremia with systemic 
antibiotics without catheter removal has a high failure rate. 
Hospitalized patients should get a catheter-free period with a 
temporary dialysis catheter used in the interval for dialysis. 
TDC can be replaced on clinical improvement [23]. 


Peritoneal Dialysis [PD] Catheter Placement 
Using Fluoroscopy/Peritoneoscopy 
Growing interest amongst nephrologists and dialysis chains 
for peritoneal dialysis has sparked tremendous interest for 
placement and management of PD catheters by nephrolo- 
gists themselves. Several studies have shown risk of compli- 
cation to be very low when catheters are placed under PSA 
using either fluoroscopy [26, 27] or peritoneoscopy [28]. 
Complications associated with PD catheter placement can be 
classified into intraoperative and postoperative. Intraoperative 
complication that may require hospital admission will 
include bowel perforation, bladder perforation, intraperito- 
neal bleeding, and laceration of the inferior epigastric artery 
[14, 26]. The risk of above complications is extremely low, 
and most patients can be safely discharged after the PD cath- 
eter placement within the same day [26]. 

PD catheter infections are associated with major morbidity 
and require dedicated personnel geared towards rapid iden- 
tification/classification of infection. As more interventionists 
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are performing PD catheter placement procedures, it is 
required a wholesome care approach be used when a catheter 
does get infected. Exit site infections are treated with oral/ 
topical antibiotics alone, but a tunnel infection or peritonitis 
may require PD catheter removal/replacement [29]. 

Removal of PD catheter poses challenge to continue renal 
replacement therapy (RRT), occasionally requiring admis- 
sion for acute hemodialysis. 


Peripheral Arterial Interventions 

Arterial stenosis accounts for significant number of imma- 
ture fistulae and plays a major role in late access complica- 
tions including distal ischemia hypoperfusion syndrome 
[DHIS], commonly identified as “steal” [30]. Arterial inter- 
ventions involve at times arterial approach where femoral or 
radial artery puncture is used to place a sheath for access. 
Removal of sheath may be done once the anticoagulation 
given during the course of the procedure has dissipated. 
Observation will be required until homeostasis can be 
secured using a closure device for femoral access or band for 
radial access [31]. 

Rare and mostly unforeseen, significant complications 
will require admission and inpatient care of the asymptom- 
atic patient prior to the intervention. An arterial embolus to 
the brain with ischemic cerebral vascular accident (CVA) 
after percutaneous fistula thrombectomy [32], suppura- 
tive thrombophlebitis (Lemierre’s syndrome) of the inter- 
nal jugular vein after a central venous catheter placement 
[33], phlegmasia cerulea dolens (PCD) characterized by 
massive venous thrombosis leading to arterial compromise 
and tissue ischemia [34], severe acute pancreatitis after 
percutaneous mechanical thrombectomy of arterial throm- 
bus occlusion [35], rapidly progressing superior vena cava 
syndrome with a thrombus around a central venous cath- 
eter in superior vena cava [36, 37], breakage and migra- 
tion of hemodialysis catheter on removal [38], and catheter 
tip embedded into the wall of the superior vena cava on 
attempted removal of catheter [38] are all examples of what 
makes interventional field unpredictable. These and other 
unpredicted complications underline importance of being 
ready for every case and to take into account that even a 
trivial case of TDC removal can turn into a major cardiac 
bypass surgical event for a patient [38]. 


3.3 Recording Procedure-Related 


Complications [PRC] 


A procedural-related complication is defined as an unantici- 
pated adverse event that requires therapy. In general, unan- 
ticipated events that do not require therapy are not considered 
procedure complications [19, 39, 40]. Complications which 


occur during or immediate postoperative period should, in 
most instances, be attributed to the procedure. Uniform clas- 
sification and reporting of these events has been supported 
by all interventional societies including Society of 
Interventional Radiology (SIR) [40], Society of Vascular 
Surgery (SVS) [39], and American Society of Diagnostic 
and Interventional Nephrology [19]. Hospitalization of a 
patient for a procedure-related event should be noted as a 
major complication and is graded as a grade 3 or grade 4 
complication based on the severity and number of days spent 
in the hospital. 

Patients may experience an adverse reaction to intravas- 
cular radiographic contrast media or medications adminis- 
tered for PSA. Adverse reactions to medications typically 
occur soon after administration of the drug, although signifi- 
cant reactions may occur several hours after completion of 
the procedure [5]. Hospital admission may be required and 
major complication will be recorded when prolonged (>30 s) 
decrease in O, saturation (<90 %) is recognized and it fails 
to improve with minor therapy [19, 39, 40]. Hemodynamic 
instability with profound and persistent hypotension, cardiac 
arrhythmias refractory to reversal of sedation and requiring 
antiarrhythmic medications, or a persistent mental status 
change that fails to return to baseline during recovery ought 
to be charted as major complication and infrequently may 
require hospitalization [5, 19, 39, 40]. 


Conclusion 

There is no absolute indication for admission to hospital 
for a given procedure. All procedures can be done safely 
as outpatient visits, saving disruptions in patient’s sched- 
ule and providing batter value to the insurers. Decision of 
admission to hospital should be taken after careful 
assessment of risk associated with procedure itself and 
the PSA. 


References 


1. USRDS: U S Renal Data System, USRDS 2011 Annual Data 
Report: atlas of chronic kidney disease and end-stage renal disease 
in the United States. National Institutes of Health, National Institute 
of Diabetes and Digestive and Kidney Diseases, Bethesda; 2011. 

2. Beathard GA, Litchfield T, Physician Operators Forum of RMS 
Lifeline, Inc. Effectiveness and safety of dialysis vascular access 
procedures performed by interventional nephrologists. Kidney Int. 
2004;66(4):1622-32. 

3. Vachharajani TJ, Moossavi S, Salman L, et al. Dialysis vascular 
access management by Interventional Nephrology Programs at 
University Medical Centers in the United States. Semin Dial. 
2011;24(5):564-9. 

4. Gan TJ. Pharmacokinetic and pharmacodynamic characteristics of 
medications used for moderate sedation. Clin Pharmacokinet. 
2006;45(9):855—69. 

5. Beathard GA, Urbanes A, Litchfield T, Weinstein A. The risk of 
sedation/analgesia in hemodialysis patients undergoing interven- 
tional procedures. Semin Dial. 2011;24(1):97-103. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


B. Sachdeva 


. Mace SE. 190: Adverse events of emergency department proce- 


dural sedation. Ann Emerg Med. 2006;48(4):59. 


. American Society of Anesthesiologists Task Force on Sedation and 


Analgesia by Non-Anesthesiologists. Practice guidelines for seda- 
tion and analgesia by non-anesthesiologists. Anesthesiology. 
2002;96(4):1004-17. 


. Holdgate A, Taylor DM, Bell A, et al. Factors associated with fail- 


ure to successfully complete a procedure during emergency depart- 
ment sedation. Emerg Med Australas. 2011;23(4):474-8. 


. Sacchetti A, Senula G, Strickland J, Dubin R. Procedural sedation 


in the community emergency department: initial results of the 
ProSCED registry. Acad Emerg Med. 2007;14(1):41—6. 

Weaver CS, Terrell KM, Bassett R, et al. ED procedural sedation of 
elderly patients: is it safe? Am J Emerg Med. 2011;29(5):541—4. 
Asif A, Yevzlin AS. Arterial stent placement in arteriovenous dialy- 
sis access by interventional nephrologists. Semin Dial. 2009;22(5): 
557—60. 

Carrillo RG, Garisto JD, Salman L, Merrill D, Asif A. A novel tech- 
nique for tethered dialysis catheter removal using the laser sheath. 
Semin Dial. 2009;22(6):688-91. 

Pervez A, Zaman F, Aslam A, et al. Port catheter placement by 
nephrologists in an interventional nephrology training program. 
Semin Dial. 2004;17(1):61-4. 

Zaman F, Pervez A, Atray NK, Murphy S, Work J, Abreo KD. 
Fluoroscopy-assisted placement of peritoneal dialysis catheters by 
nephrologists. Semin Dial. 2005;18(3):247-51. 

Khajehdehi P, Junaid SMA, Salinas-Madrigal L, Schmitz PG, 
Bastani B. Percutaneous renal biopsy in the 1990s: safety, value, 
and implications for early hospital discharge. Am J Kidney Dis. 
1999;34(1):92-7. 

Manno C, Strippoli GF, Arnesano L, et al. Predictors of bleeding 
complications in percutaneous ultrasound-guided renal biopsy. 
Kidney Int. 2004;66(4):1570-7. 

Marwah DS, Korbet SM. Timing of complications in percutaneous 
renal biopsy: what is the optimal period of observation? Am J 
Kidney Dis. 1996;28(1):47-52. 

Kim D, Kim H, Shin G, et al. A randomized, prospective, compara- 
tive study of manual and automated renal biopsies. Am J Kidney 
Dis. 1998;32(3):426-31. 

Vesely TM, Beathard G, Ash S, Hoggard J, Schon D, ACPC: 
Classification of complications associated with hemodialysis vas- 
cular access procedures. A position statement from the American 
Society of Diagnostic and Interventional Nephrology. Semin Dial. 
2007;20(4):359-64. 

Asif A, Salman L, Carrillo RG, et al. Patency rates for angioplasty 
in the treatment of pacemaker-induced central venous stenosis in 
hemodialysis patients: results of a multi-center study. Semin Dial. 
2009;22(6):67 1-6. 

Lifeline Access 2011 Outcomes Report, LifelineAcess.com, Three 
Hawthorn Parkway, Suite 410; Vernon Hills 60061. 

Schinstock CA, Albright RC, Williams AW, et al. Outcomes of 
arteriovenous fistula creation after the fistula first initiative. Clin J 
Am Soc Nephrol. 2011;6(8):1996—2002. 

Allon M. Dialysis catheter-related bacteremia: treatment and pro- 
phylaxis. Am J Kidney Dis. 2004;44(5):779-91. 

Lee T, Barker J, Allon M. Tunneled catheters in hemodialysis 
patients: reasons and subsequent outcomes. Am J Kidney Dis. 
2005;46(3):501-8. 

Beathard GA, Urbanes A. Infection associated with tunneled hemo- 
dialysis catheters. Semin Dial. 2008;21(6):528-38. 

Sharma M, Sachdeva B. Percutaneous peritoneal dialysis catheter 
insertion: making a case for an outpatient procedure. J Invest Med. 
2012;60(1):1. 

Maya ID. Ambulatory setting for peritoneal dialysis catheter place- 
ment. Semin Dial. 2008;21(5):457-8. 

Alvarez AC, Salman L. Peritoneal dialysis catheter insertion by 
interventional nephrologists. Adv Chronic Kidney Dis. 2009;16(5): 
378-85. 


29. 


30. 


aL. 


32. 


33. 


34. 


Admission After Intervention: When and Why 


Li PK, Szeto CC, Piraino B, et al. Peritoneal dialysis-related infec- 
tions recommendations: 2010 update. Perit Dial Int. 2010;30(4): 
393-423. 

Leon C, Asif A. Arteriovenous access and hand pain: the distal 
hypoperfusion ischemic syndrome. Clin J Am Soc Nephrol. 2007; 
2(1):175-83. 

Yevzlin AS, Schoenkerman AB, Gimelli G, Asif A. Arterial inter- 
ventions in arteriovenous access and chronic kidney disease: a role 
for interventional nephrologists. Semin Dial. 2009;22(5):545—-56. 
Pinard EA, Fazal S, Schussler JM. Catastrophic paradoxical 
embolus after hemodialysis access thrombectomy in a patient 
with a patent foramen ovale. Int Urol Nephrol. 2012;45(4): 
1215-7. 

Kar S, Webel R. Septic thrombophlebitis: percutaneous mechanical 
thrombectomy and thrombolytic therapies. Am J Ther. 2011. 
Mufarrij AJ, Hitti E. A case of phlegmesia cerulea dolens after 
dialysis catheter insertion. Emerg Med Australas. 2011;23(5): 
644-6. 


35. 


36. 


37. 


38. 


39. 


40. 


19 


Hershberger R, Bornak A, Aulivola B, Mannava K. Acute pancre- 
atitis after percutaneous mechanical thrombectomy: case report and 
review of the literature. Cardiovasc Intervent Radiol. 2011;34 
Suppl 2:S25-30. 

Rabinstein A, Wijdicks E. Fatal brain swelling due to superior vena 
cava syndrome. Neurocrit Care. 2009;10(1):9 1-2. 

Kiictikarslan N, Yilmaz M, Us M, Arslan Y, Giiler A, Yilmaz A. 
Superior vena cava syndrome caused by dialysis catheter. Ulus 
Travma Acil Cerrahi Derg. 2007; 13(1):63-6. 

Sequeira A, Sachdeva B, Abreo K. Uncommon complications of 
long-term hemodialysis catheters: adhesion, migration, and perfo- 
ration by the catheter tip. Semin Dial. 2010;23(1): 100-4. 

Sidawy AN, Gray R, Besarab A, et al. Recommended standards for 
reports dealing with arteriovenous hemodialysis accesses. J Vasc 
Surg. 2002;35(3):603-10. 

Sacks D, McClenny T, Cardella J, Lewis C. Society of interven- 
tional radiology clinical practice guidelines. J Vasc Interv Radiol. 
2003;14(9 Pt 2):S199-202. 


Communicating Effectively 
for Interventional Nephrologists 


Jamie Ross and Talia Eisen 


4.1 Introduction: Why a Chapter 
on Communication in an 


Interventional Text? 


The finest work in medicine will go unnoticed by patients, 
referring physicians, colleagues, payers, and other large 
organizations if the information regarding the procedure, 
the outcome, future plans, and implications for care are not 
effectively communicated. This chapter will discuss the most 
current thinking regarding individual and organizational 
communication to assist the physician in creating and sus- 
taining a robust practice. 

Improved communications between physicians and their 
patients have been clearly shown to lead to both improved 
patient and physician satisfaction but also to better out- 
comes [1—4]. An extensive review of this literature is beyond 
the scope of this chapter. What is becoming clearer, how- 
ever, is that not only is direct communication with the 
patient important but good communication with other col- 
leagues and the entire system of care clearly improves 
patient safety and outcomes [5, 6]. In addition, good treat- 
ment or mistreatment of the medical staff will be reflected 
in the physician’s ability to deliver care [7]. Therefore, 
developing effective communication becomes an important 
skill to deliver effective care. 

One of the cornerstones of the success of an interven- 
tional practice has been communication with referral sources. 
Communication between the interventional physician and 
the referral source can take multiple forms: verbal, written, 
and imaging. The use of as many avenues as possible to 
transmit information can improve the results and satisfaction 
of the patients, dialysis clinics, nephrologists, surgeons, and 
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primary care practitioners. Each of the recipient’s will have 
unique pieces of information that they need to achieve a sat- 
isfactory interaction. 

Satisfaction of a referral source with the results of your 
work has been shown to be proportional to the communi- 
cations received from the consultant [8]. The information 
stated as most valued by referral sources was direct feed- 
back, both written and verbal, with acknowledgement of 
the patient’s history, suggestions or need for future care, 
scheduled follow-up if needed, and plans for comanag- 
ing care in the future. Of all of these, the inclusion of the 
plans for comanaging the patient’s care in the future was 
directly proportional to the referring physician’s overall 
satisfaction [9-11]. For interventional nephrology, one can 
substitute the dialysis facility, the general nephrologists, and 
access surgeon for the above entities. 


4.2 What Is Good Communication 


and How Does It Impact Care? 


The essence of good communication is the effective transfer 
of information. Communication is effective when these 
transfers occur in such a way as to build relationship, trust, 
confidence, and synchronicity. Much has been written on the 
art and science of good communication. Many organizations 
will cite the issue of communication as a central one in their 
quest for effectiveness and efficiency [12, 13]. It is a com- 
mon theme. In spite of this, it is possible for good communi- 
cation can happen without great effort. There are often small 
but important changes that can make a big difference. 

What elements are the markers of excellence in commu- 
nication? Although information can be transferred without 
attention to relationship, the result is not as effective. The 
reason is simple: Communication must occur between 
human parties. It is of vital importance that a level of trust is 
established and maintained to ensure the best results from all 
parties. People must feel they can trust one another to do 
their best work, to be reliable and dependable. Communication 
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can inspire confidence in the abilities of the individuals 
involved. It brings a more profound level of commitment 
from people when they have confidence in those with whom 
they work [14, 15]. 

Any complex system will function most efficiently when 
its members function with a high level of synchronicity. If 
parties are functioning in isolation, not informing one 
another of their efforts or updating needed information, then 
a murkiness and confusion develop. None of the participants 
has all the needed tools to be truly successful. Muddled and 
ad hoc processes result, leaving many people feeling entirely 
incapable of addressing simple, let alone complex, problems. 
It is important for a physician to realize that any health care 
is delivered in a complex system that starts with a patient- 
physician interaction and then involves multiple caregivers 
and systems. 

Physicians work in concert with many. Although it may 
seem not to be the case, there is a high level of interdepen- 
dence that exists in the world of the interventional physician. 
At the core is the partnership with the patient. Without get- 
ting all necessary information from the patient, the physician 
cannot do his/her best work as all issues are not taken into 
consideration. In turn, the physician must transfer informa- 
tion to the patient in such a way as to encourage the patient 
to follow the plan of care with confidence. In other words, 
the patient has a large part in the maintenance of their own 
health, and if they do not have a sufficient understanding of 
their role, they are not as likely to do their part [4]. 

An interventional needs referrals to maintain their prac- 
tice. These are ongoing relationships that require good com- 
munication. However, in the course of busy days and under 
much pressure, a strained dynamic may develop. Staff and 
doctors may find it hard to get information they need from 
each other, and tempers may flare as both parties face the 
pressure of long days and high levels of stress. Good com- 
munication skills help decrease the stress of these situations. 
Finally, most doctors work within some sort of institution 
and are dependent upon that institution for patients, con- 
tracts, funding, and support. Likewise, the institution depends 
on the doctor to complete their part in a cost-effective and 
quality manner to keep the business viable. So it is clear that 
doctors function not in isolation but as part of a complex web 
of human activity. This interdependence requires constant 
continued effective communication and relationship building 
for all parties to function with excellence. 


4.3 Strategies for Excellent 


Communication 


It is important to note that delivering information is not the 
same as communicating. Communication is not a one-way 
delivery but a multitrack exchange. Information must travel 
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back and forth between parties (two or more) to be consid- 
ered communication. To begin with, different people have 
very different learning styles. This has been analyzed in 
many ways. For our purpose, we will look at the following 
element: Some learn best visually, some by auditory means, 
and some kinetically [16]. Therefore it is very important to 
deliver information in at least two of these three ways, at all 
times. 

This means that the delivery of a pamphlet alone is not a 
communication. The individual receiving the pamphlet must 
then read it and understand it and be able to interact with the 
material. If they do not, the pamphlet may as well be blank. 
So handing someone a pamphlet must not be construed as a 
communication. However, checking with someone about the 
material contained therein and answering questions as 
needed, or discussing the material, constitute successful 
communication. In this example, two modes of communica- 
tion have been employed: both visual and auditory. The 
visual is the pamphlet which is a reading material, and the 
auditory exchange is the conversation. In the same way, 
sending a memo, writing a report, or leaving a message is not 
a complete communication cycle. The information must be 
confirmed and shared in some other way via vocal or picto- 
rial means. 

Several strategies may help physicians improve their 
communication skills. We will look at three: active listening, 
use of questions, and the feedback model. Although there are 
numerous methods to improve communication, these three 
are excellent core skill-building strategies that will empower 
physicians to become great communicators without setting 
up complex new systems or changing organizational struc- 
tures. These are skills that can be learned, practiced, and 
employed right away and do not take up excessive time or 
energies in already busy, stressful work days. 


4.4 


Active Listening 


Listening is a key skill in the pursuit of good communica- 
tion. For many, “listening” means waiting for the other per- 
son to stop speaking so we can make our point. For some 
who think quickly and grasp concepts easily, hearing some- 
one out at length may be tiresome. For those who are under 
tremendous time constraints and have crucial information to 
impart, both of these reactions can hinder the ability to com- 
municate effectively. In order to communicate well, one 
must cultivate real empathy. Empathy is an understanding of 
the situation from the other person’s point of view. Without 
this shared understanding, there is no real or effective com- 
munication that will happen [17, 18]. 

The solution is a technique called active listening. It 
comes from psychologist Carl Rogers, PhD, who also pio- 
neered the ideas of congruence and unconditional positive 
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regard [19]. Congruence means being aware of our own 
reactions and emotions so we can convey those in a clear and 
honest way. The misconception is that when we are feeling 
irritated, for example, we can plaster on a smile and no one 
will know. That is rarely the case. Usually those around us 
are aware on some level that something is not right, though 
they may only be able to guess at the reason. It is simply a 
better, cleaner approach to become very aware of our reac- 
tions and deal with them directly. For instance, that same 
irritation, once recognized, can be examined to understand 
its cause. It may come from a time crunch, a poor diagnosis, 
or a bad breakfast. Being aware helps us deal with the issue 
and not project it upon those around us or try to hide and 
come across as “false.” 

Unconditional positive regard is an attitude taken by a 
practitioner in which one holds the client or patient in a posi- 
tive regard. This means understanding them as human beings 
doing their best with what they have, as worthy and accept- 
able, despite any possible perceived shortcomings. This level 
of regard engenders tremendous trust as it allows the person 
to feel accepted on a deep level. 

Both these practices support the technique of active listen- 
ing. The technique is done by first finding a baseline level of 
regard for the person speaking, then actually listening to 
what they say, without working on our response or preparing 
our thoughts. When the person is done speaking, the listener 
checks for understanding. This is important. The listener 
reflects or returns the information back as they have under- 
stood it, checking to see if they have captured the meaning. 
“I hear you say you need more lead time to get those reports 
complete.” The speaker is thereby given the opportunity to 
clarify as needed. This clarity results in a much greater level 
of shared understanding. This is really a very simple tech- 
nique and can become a valuable tool. It can be used in any 
situation in which the exchange of information is very impor- 
tant, be that between physician and patient, physician and 
staff, or physician and referring doctor. It is especially useful 
when there has been some misunderstanding or shortcoming 
in communication in the past. This may seem more time con- 
suming, but the clarity of information, lack of misunder- 
standings, and absence of a need for repeated communications 
will actually result in a more efficient exchange (Fig. 4.1). 


4.5 Use of Questions 

Much conflict arises in any workplace as a result of “jump- 
ing to conclusions.” Of course it is the most natural thing to 
draw conclusions from what we see around us and the 
assumptions we make about what we see. The problem is 
when we confuse our assumptions with fact. However, facts 
cannot be determined without checking those assumptions. 
This is illustrated by the “ladder of inference” [20] (Fig. 4.2). 


Speaker makes 


New statement Listener Paraphrases or 


Reflects back to speaker 


Speaker hears then adds 
Key missing elements 
Listener acknowledges same 


Speaker acknowledges 
Listener’s understanding 
of statement 


Fig. 4.1 Active listening cycle 


Actions 


Beliefs 


—__, 


Conclusions 
Out Beliefs alter 
what data we selec 


Assumptions 


Meaning 
Data selected-———— 


+——— Data observed 


Incident 


Fig. 4.2 Ladder of inference 


The ladder shows how we take observations and begin to 
climb the ladder forming beliefs that inform our actions. 
However, the data we draw from our observations, the mean- 
ing we give that data, the assumptions, and conclusions we 
draw are all subjective. Without taking time to check things 
through, to question our own impressions, we may end up 
building belief systems that are structurally flawed. 

The solution is in exploring perceptions through use of 
questions. The first place to intervene on the ladder is at the 
lowest level, checking with others about the information 
available and its possible meaning, before we make 
assumptions and draw conclusions. We all tend to work, 
unconsciously, in a network of assumptions and precon- 
ceptions. It is a very effective technique to begin asking 
question on a regular basis. Recognizing where we have 
assumed information is the hardest part. It might be helpful 


24 


to start with a few generic questions to use regularly, such 
as “What have I missed?” or “What more would you like to 
hear about?” 

Physicians use questions as a tool routinely to collect 
data. The types of questions normally used are closed-ended 
questions that allow only specific responses. “On a scale of 
1-10, what is your pain?” or “Did you eat breakfast today?” 
To explore our assumptions, we must use open-ended ques- 
tions, allowing the responder to choose what information to 
share. “Can you help me understand the choice you made 
there?” “I see a strong reaction from you; can you tell me 
what is going on?” “Is there something more you need from 
me to make this work better?” 

Each type of question has its place. One of the things to 
learn is that “yes” or “no” questions will limit the communi- 
cation rather than expand it. Those closed-ended questions 
make it far too easy to evade real communication for both 
parties. While closed-ended questions can be useful, they 
rarely enhance a relationship. Ask questions that inspire 
some thought, and require some explanation. Those thought- 
ful answers may actually produce needed information. Most 
importantly, they make the person feel appreciated and rela- 
tionship building occurs. There is great power in recognizing 
an individual by offering them the opportunity to reflect and 
be heard. 


4.6 Feedback Model 
Some situations in the workplace can be contentious. Conflict 
is not easy to handle for many people. Some avoid it by clos- 
ing their office doors, some by barking or snapping after let- 
ting things build up, and some by exhausting themselves by 
pretending to be “fine” at all times. The problem with allow- 
ing conflict to submerge in these unhealthy ways is that true 
solutions to problems are never addressed. Conflict is most 
often the result not of individual relational issues but of more 
complex sets of circumstances or misunderstandings. 
Something small can sometimes grow out of proportion, or 
the original cause may even get lost over time with only the 
conflict and avoidance remaining. The cost is tremendous 
exertion of energy that could better be used in more produc- 
tive ways. Unresolved conflict can be very taxing indeed to 
the individuals and systems involved. 

One solution to deal with conflict is to handle it right 
away and not let it fester. This involves a simple way of 
phrasing issues that makes it possible for both parties to view 
the situation in a new light without blame or hostility. We 
require tools to handle conflict, however, and many are never 
taught any of those tools. One tool is the feedback model. 
The essence of this approach is that we choose to address the 
conflict by talking about specific behavior, and our reactions 
to that behavior, rather than speak in generalities. 
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The first principle of this model is to understand that 
when we are upset or irritated by something, it is our own 
issue. The irritation is our own. The upset is because of our 
perception, history, viewpoint, and values. The other person 
may or may not have meant the insult or offense. 

Remember the ladder of inference. What may seem like a 
fact, “She obviously disdains my work,’ may come from a 
series of assumptions based on misunderstood data. What 
makes this conclusion seem real? “I saw the look on her face.” 
As above, the use of questions can be very helpful. “What was 
that look on your face about?” The answer may be, “I have 
indigestion.” Or even something surprising like, “I was 
impressed with your work and suddenly felt inadequate. Did I 
make a face?” If the answer in fact is “I wasn’t impressed with 
your work,” then the good news is that issue is out in the open 
and can be discussed. Use questions such as “Can you tell me 
what your judgment is based on?” Maybe there is more hid- 
den misunderstanding that now has an opportunity to come to 
light. If the objective is one of data collection, the mining 
effort can be very helpful. As painful as certain answers may 
be, carrying around worry and distress as we imagine things, 
and make up stories about reasons, is usually far worse. 

The feedback model is a way of reflecting our experience 
to bring deeper understanding. The first step is to figure out 
what is the behavior in the other person that is upsetting. The 
second step is to identify that behavior to the person and let 
them know the effect it has on you and the conclusions you 
draw. The reason this works is because it takes both parties 
into account in the behavior and reaction cycle. The conflict 
is not just due to the initiator of a certain behavior but also 
the reactions and conclusions of the other person. This way 
of giving feedback is collaborative, because it takes owner- 
ship of reactions, rather than blaming the other for our reac- 
tions [21] (Table 4.1). 

Compare this to the usual approach, “You’re such a jerk! 
You are always nasty to me and treat me like dirt.” Sadly, this 
more common approach undermines resolution by using 
vague and broad, even insulting descriptions that cannot be 
addressed in any concrete way. What is a “jerk?” The accused 
must respond to the insults in a defensive manner, rather than 
gain understanding about the behavior which is something 
that can be addressed. 

The above technique does not guarantee a change in 
behavior, but it will successfully let the person know the 
effect they have with their chosen behavior. At that point, 


Table 4.1 Three steps for productive feedback 


What is said What is the process 


1. “When you snap at me in front of This is the behavior 
patients...” 

2. “It causes me embarrassment...” This is the effect 

3. “And I assume you have no respect for This is the 
me.” conclusion 
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both parties must “own” their individual part. The answer 
may be, “I do respect you... I just get frustrated, but it is not 
personal.” Now both people know where they stand. If this is 
not comfortable, then it would be important to seek addi- 
tional support within your company or an outside consultant 
if needed. 


4.7 Communicating with Referral Sources 
The principles discussed above will assist you in communi- 
cating with your referral sources. Each of the referral sources 
will want a different part of the information you have as a 
result of your care. In this section the specifics needed from 
each party are discussed. However, it is still important that 
the information be effectively communicated using the tech- 
niques described above. 


4.7.1 The Patient 

The patient may want an understanding of the importance 
of the dialysis access in their lives, the risks of the proce- 
dure, the probability that they will need future procedures, 
and the expected outcome for them in the future. They 
may also want a sense of confidence and safety with the 
procedure that does not necessarily come from verbal 
communication alone but nonverbal as well. While gen- 
eral information describing the procedure and the known 
risks may be communicated in handouts or pamphlets, 
nothing can take the place of the availability and willing- 
ness of the physician to directly speak with the patient. 
Pictures printed or drawn or copies of the actual images 
will clarify an enormous amount of technical information, 


Table 4.2 Communicating to referral sources 


Entity Mode Required data 
Patient 1. Oral 1. Risks/benefits 
2. Pictures 2. Why? 
3. Written 3. Results 
Nephrologists 1. Written 1. Success? 
2. Oral 2. Dialysis now 
3. Pictures 
Surgeons 1. Oral 1. Anatomy 
2. Pictures 2.Tx response 
3. Written 3. Alter surgery 
Dialysis units 1. Pictures 1. Use today? 
2. Written 2. Where to stick? 
3. Oral 3. New orders 
Payers Written Justify tx 
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and using techniques like active listening and asking 
questions will help build that confidence and safety 
(Table 4.2). 


4.7.2 Nephrologists 


Nephrologists need to know different information. Most 
nephrologists are “on the road” a lot and might not be able to 
immediately take the time to receive oral communication. 
Some physicians may even prefer written to oral communi- 
cation and it easy to ask them when the opportunity presents 
itself. This may be very individual, but written information 
will reliably be available via email, fax, or ideally the same 
electronic medical records as long as HIPAA standards are 
met. As to the type of information needed, it is important to 
estimate the degree of the procedural success and the ability 
of the patient to dialyze immediately. Images, if you are able 
to provide them, will help the physician to understand your 
communications better. Use questions to check for mutual 
understanding, and use more than one type of communica- 
tion to insure complete clarity. 


4.7.3 Surgeons 


Surgeons are very individual in the specifics they want. The 
communication with your surgeon may need to be oral until 
you understand what they individually need and then it can 
be predominately written. This would be primarily in the 
form of your dictation. Complete imaging of the venous and 
sometimes arterial anatomy will assist in surgical planning. 
There is no substitute for actual images and a detailed 
description of the anatomy in surgical care. Clearly, several 


Future needs Making it better 


1. When? Pre-tx pamphlets 

2. What? Post-tx images 

3. How? 

1. How long? Know which doctors like phone 
calls 

2. Tx options Send images with reports 

3. Next site? 

4. Referral? 

1. Tx options Send images 

2. How long Specifics in report and images 

3. New sites 

1. Is more tx needed? When? Images of access —especially 

2. Needed f/u? “stick zone” 

3. Orders? 


Practice trends? Know requirements 


Evidence for the table is based on research from studies of radiological literature [22-25] 
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modes of information delivery are required. Be aware of 
your ladder of inference, and check facts and understanding 
with surgeons as you establish a working relationship. 


4.7.4 Dialysis Units 


Dialysis units are very specific and immediate in their needs. 
Can they dialyze now? Do they need to be rescheduled? 
Dialysis staff often does not have time to come to the phone. 
Unless it is urgent with regard to the care of the patient today, 
it may not be really useful. If verbal communications are 
needed, of course they are readily appreciated. However, for 
routine information, a written report and ideally a picture of 
where the problems are and where to “stick” will be appreci- 
ated. Remember to conclude by checking for understanding. 
Repeat back information to confirm you have it right. Ask an 
open-ended question like “is there anything else you need to 
know?” The ability to successful communicate with the dial- 
ysis staff may be most important in terms of your ability to 
grow your practice. 


4.7.5 Payers 


For now the primary source of communication with payers is 
your dictation. It should include the diagnosis, name of pro- 
cedure, and indication for the procedure. It should also docu- 
ment the degree of abnormality that made the intervention 
necessary and the immediate response to treatment. The 
K/ DOQI standards are the most pertinent [26]. For instance, 
the minimum degree of stenosis that will qualify for angio- 
plasty is 50 %, and a successful angioplasty is judged by the 
response of the lesion to be decreased to less than 30 % 
residual stenosis. The ASDIN coding manual may be very 
useful in this regard [27]. 

Legal issues may arise from performing procedures. 
While no pre-procedure plans to communicate with attor- 
neys in advance should exist, it is important that elements of 
your written documentation satisfy the standards of care in 
your community and in this field of medicine. Documentation 
of your consent and explanation of the procedure are needed. 
Some documentation of pre-sedation assessment will be 
needed for cases where sedation is used. Documenting the 
“time-out” or a procedural “pause” in the procedure room is 
now standard of care at most facilities. The procedural dicta- 
tion itself should be as detailed as needed for payers and for 
the above physician referral sources. Again all your commu- 
nications, oral, written, or imaging, will be viewed by differ- 
ent people in different contexts. It is important to be aware of 
this as you perform each procedure and discuss the outcome 
with the interested parties. 

Taking these last two areas of communication into account 
may seem tedious, but the fact remains that the physician 
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must interact, again, with the larger web of human and orga- 
nizational structures that make up the whole. They do not 
function in isolation and cannot simply do their “job” with- 
out understanding their dependence upon the larger structure 
and the dependence that structure has upon them. 


4.7.6 Organizational Communication 


Corporations can be seen as living entities. They have their 
own needs, such as maintaining a reputation and increasing 
revenue year to year. At the same time, the corporation is 
made up of networks of individuals with their own needs. 
They wish to be respected, appreciated, and understood. This 
is why the skill of communicating with individuals and rela- 
tionship building with those individuals with whom you 
have contact within the corporation is so important. They 
make up the pieces of the whole. 

Just like people, organizations adopt cultures and person- 
alities. Organizational communication is far more difficult to 
understand and more difficult to change than individual 
interactions. Whether it is the government, professional soci- 
eties, hospitals, health maintenance organizations, large dial- 
ysis groups, or the newly developing accountable care 
organizations, physicians will have to interact with large 
organizations in some way. It is important to realize that 
some of the strategies for communication are the same for 
this sort of communication and some are different [28-31]. 

Companies like to align themselves with others who share 
their view of the “world.” Companies will not participate in 
enterprises that have too large an investment without a guar- 
anteed return or enterprises they do not believe will make 
money in the long run or might be negative for public relations. 
Understanding this will influence what you say and how you 
say it when discussing your practice with potential partners 
and contractors. If you do not understand the wants and needs 
of the organization you are working with, then questioning 
techniques as described above are helpful to understand what 
the issues are. “What is the company looking for? What is 
your role in the company? Is there specific information you 
need to assist you in making this decision?” Empathy or the 
ability to understand the information you have from the view 
of the organization is extremely advantageous. 

Do not forget that each conversation you have with an 
employee of an organization is with a person. So active lis- 
tening will assist in building trust and better understanding 
between people. The specifics of the information exchanged 
will be different, but the people and techniques are the same. 
Your ability to present the data needed in an effective manner 
may become important in the survival of your practice. As the 
evolution of health care continues, you may need to present 
data ranging from the ability of your staff to communicate to 
your complication rate and the cost efficiency of your prac- 
tice. All this data is highly valued by many organizations. 
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It is therefore upon the presenter to have the data to back 
up their statements. It will not be enough to say “I practice 
good medicine.” Information will be needed regarding the 
delivery of quality service, cost efficiency, and rate of com- 
plications compared to the rest of those in your field. Thus it 
may be important in the future to participate in national data- 
bases which collect patient safety information. In the corpo- 
rate world, such by data can be obtained using continuous 
quality improvement techniques [32]. Many of the lessons 
from manufacturing have been applied with some success to 
health care [33, 34]. Quality improvement in the manufac- 
turing business is a large field that is beyond the scope of this 
chapter, but the techniques can be useful in maintaining and 
improving your practice. Even when there is a large amount 
of data available, it is still essential to communicate the 
information well to your corporate colleagues in order to be 
successful. The techniques described for improving individ- 
ual communication can apply to corporations. 


Conclusion 

Much depends on continued individual, institutional, and 
corporate communications to survive in a changing 
health-care landscape. While practicing medicine can be 
done without good communications, practicing excellent 
medicine cannot. 
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Anticoagulants and Thrombolytics 


K.M.L.S.T. Moorthi 


5.1 Introduction 

Anticoagulants and thrombolytics are used during several 
procedures that the interventionalist performs. In this chapter 
we will review patient safety issues with the use of these 
agents. 


5.2 Heparin 

Heparin is used in several access interventions. Two formu- 
lations of heparin exist — unfractionated heparin (UFH) and 
low molecular weight heparin (LMWH). UFH has a molecu- 
lar weight of 15,000 Da, and LMWH, which is prepared by 
depolymerization of UFH, has a molecular weight of approx- 
imately 5,000 Da. Since LMWH is typically not used in the 
interventional nephrology setting, discussions in this chapter 
will be limited to UFH. 

Heparin is an indirect thrombin inhibitor (Fig. 5.1). It 
forms a complex with the heparin binding site of antithrom- 
bin. Antithrombin is a circulating cofactor and at baseline is 
a slow inactivator of thrombin, factor Xa, and to a lesser 
extent, factors XIa, XIa, and IXa. The binding of heparin 
accelerates the inactivating function of antithrombin 1,000- 
4,000-fold [1, 2]. 

With IV dosing, the onset of action is immediate. The 
half-life of elimination is dose dependent. With the usual 
doses used in interventional nephrology procedures (3,000- 
5,000 units), the half-life is 30 min. 

The limitations of heparin include a narrow therapeutic 
window of anticoagulation (without bleeding) and a highly 
variable dose-response relation. In addition, heparin has a 
reduced ability to inactivate thrombin bound to fibrin as well 
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as factor Xa bound to activated platelets within a thrombus. 
As a result, a thrombus may continue to grow during heparin 
therapy [3]. 

The most dreaded adverse reaction to heparin is bleed- 
ing. Although there is a strong clinical correlation between 
subtherapeutic activated partial thromboplastin time (aPTT) 
and recurrent thromboembolism, the relation between 
supratherapeutic aPTT and bleeding is less clear. Patients 
who have had recent surgery or trauma, or who have other 
clinical factors which predispose to bleeding, such as occult 
malignancy, liver disease, hemostatic defects, age >65 years, 
female gender, and a reduced baseline hemoglobin concen- 
tration, seem to be at a higher risk for bleeding with heparin. 


5.3 Bleeding During Interventional 


Procedures 


The incidence of bleeding complications during and after 
thrombectomy (Fig. 5.2) is about 2-3 %, with the incidence 
increasing to 10-15 % with the use of pharmacologic throm- 
bolysis. Bleeding, when it occurs, is usually seen at the sites 
of cannulation. Bleeding from the sites of attempted cannu- 
lation by dialysis staff is unfortunately common. Education 
of dialysis staff to examine the AV access for patency before 
attempting to cannulate can help reduce the incidence of 
such bleeding. Placement of percutaneous sutures at the sites 
of cannulation is usually adequate to prevent/treat such 
bleeding. 

Peri-access hematomas are also possible. Most are small 
hematomas that do not impede flow in the access. Rarely 
expanding hematomas may occur, and these may impede 
flow. Such hematomas can be treated by prolonged angio- 
plasty of the affected site (the angioplasty balloon catheter is 
held dilated at the affected site for 1-2 min) (Fig. 5.3: plates 
d-f) and/or placing a stent across the site of bleeding. In 
extreme cases the hematoma may not stabilize and may lead 
to arterial insufficiency of the upper extremity by compres- 
sion of the brachial artery. In such instances, external 
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Fig.5.1 Coagulation cascade 
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Fig.5.2 Lesion leading to thrombosis (a) and eventual thrombectomy (b) 


compression and occlusion of inflow with an inflated angio- 
plasty balloon catheter while the patient is transported to the 
hospital may be limb and life saving. 

Hematomas can also occur at the site of angioplasty of 
juxta-anastomotic stenoses. After angioplasty of the juxta- 
anastomotic stenoses, the inflow artery is usually selectively 
catheterized, and an arteriogram is performed to evaluate for 
complications of the angioplasty and to avoid vein rupture 


associated with retrograde injection. While withdrawing the 
catheter, it could inadvertently “flip” and injure the vessel 
wall and result in a hematoma (Fig. 5.3). To avoid this, it is 
advisable to introduce a guidewire into the catheter and 
remove the catheter over the guidewire. 

Delayed bleeding is possible, when patients are sent back 
to their dialysis centers after thrombectomy and they receive 
additional doses of heparin. It is standard practice at our center, 
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vascular catheter — the catheter “flipped” and injured the vessel wall. 
There is sluggish flow in the fistula. (e) Prolonged angioplasty. 
(f) Resolution of extravasation and improved flow 


Fig. 5.3 Extravasation at the site of juxta-anastomotic stenosis. 
(a) Severe juxta-anastomotic stenosis with minimal flow into the fistula. 
(b) Angioplasty of the stenosis. (c) Post-angioplasty angiogram with 
improved flow. (d) Extravasation/hematoma after withdrawal of the 
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where a call is placed to the dialysis center and instructions are 
given to the dialysis staff to deduct the dose of heparin that 
was given during the procedure from the bolus dose scheduled 
to be given at the beginning of the dialysis run. 


5.4 Dialysis Catheter Procedures 

During tunneled dialysis catheter insertion, heparin is 
used to pack the catheter ports at the end of the procedure. 
However, after failed thrombectomy procedures, the 
patient would likely need a tunneled dialysis catheter 
placement. The patient would have received heparin dur- 
ing the thrombectomy procedure. As described above, the 
half-life of heparin in the usual doses used for outpatient 
interventions is 30 min. It is safe to place a tunneled dialy- 
sis catheter after a failed thrombectomy. Central venous 
patency should be evaluated with an angiogram, as central 
venous stenoses could increase the pressure the jugular 
vein and if untreated could lead to bleeding from the 
venotomy or from the exit site. 


5.5 Heparin-Induced Thrombocytopenia 
Heparin is used routinely as an anticoagulant during hemo- 
dialysis and in dialysis access interventions. HIT is a well- 
recognized complication of heparin therapy. As many as 
10-20 % of patients receiving unfractionated heparin will 
experience a decrease in platelet count to less than the nor- 
mal range or a 50 % decrease in platelet count from the 
baseline. 

There are two major mechanisms causing thrombocyto- 
penia. In majority of the cases, the thrombocytopenia occurs 
within the first 48—72 h after heparin initiation. The platelet 
counts return to normal with continued heparin use. This is 
Type 1 HIT and is of no clinical consequence. The mecha- 
nism is nonimmune and appears to be due to a direct effect 
of heparin on platelet activation. 

Type 2 occurs in 0.5-3 % of patients receiving heparin. 
These patients develop an immune thrombocytopenia, medi- 
ated by antibodies to a heparin-platelet factor 4 complex [4]. 

In contrast to other autoimmune thrombocytopenias, the 
platelet count usually does not drop below 50,000, and spon- 
taneous bleeding is unusual. However, in patients who have 
been diagnosed with HIT, the subsequent 30-day risk of a 
thrombotic event (arterial and/or venous) is 53 % [5]. 
Pulmonary embolism was the most common life-threatening 
thrombotic event. 

HD patients are continually exposed to heparin and are at 
risk of developing heparin-platelet factor 4 complex antibod- 
ies. Reports have described the prevalence of these antibod- 
ies in HD with frequencies ranging from 0 to 12 % [6, 7]. 
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It is important to note that the mere presence of heparin- 
platelet factor 4 complex antibodies does not suggest a diag- 
nosis of HIT in the absence of other clinical events. 

In addition, several case reports have reported a dramatic 
improvement in access patency after discontinuing heparin 
with HD and beginning treatment with Coumadin. This sug- 
gests that heparin antibodies have a role in recurrent vascular 
access occlusion in some patients [8]. 


5.6 Interventions in Patients on Warfarin 

Dialysis patients who present to the interventionalist may be 
on warfarin therapy for various reasons. For instance, the 
prevalence of atrial fibrillation is about 10 % in US dialysis 
patients. [9]. A large proportion of these patients can be 
expected to be treated with warfarin. The question arises as 
to the safety of performing vascular access interventions in 
these patients. There is a paucity of data regarding this. 

The placement of tunneled dialysis catheters in patients 
on warfarin is safe [10]. 

We routinely evaluate patients on warfarin for central 
venous stenosis and perform angioplasty on any such lesions 
before placing a tunneled dialysis catheter. As described 
before in this chapter, this decreases the pressure in the jugu- 
lar vein and the chances of postoperative bleeding. 

During thrombectomy procedures, it is unknown whether 
the dose of heparin given systemically should be reduced. 
In the absence of specific data, we reduce the dose of hepa- 
rin to 3,000 units (instead of the 5,000 units that we usu- 
ally use in thrombectomy procedures) in patients who have 
a therapeutic INR. In such cases, to avoid embolizing all the 
thrombus material, we also aspirate as much of the thrombus 
with the aid of a 6 French vascular catheter. A 6 Fr vascular 
catheter is passed over a guidewire and several passes are 
made, while applying negative pressure and thrombus mate- 
rial is aspirated and discarded. This reduces the volume of 
the thrombus centrally embolized. 


Warfarin to Prevent Thrombosis 
of Dialysis Accesses 


5.7 


Warfarin does not prevent thrombosis/failure of an AV graft, and 
its use is associated with increased incidence of bleeding. In a 
multicenter randomized control study, 107 patients with new 
grafts were randomly assigned to receive warfarin (target INR 
of 1.41.9) or placebo. There was no difference in graft throm- 
bosis between the two groups. The incidence of major hemor- 
rhage was 10 % despite close monitoring of the INR [11]. 

A subset of dialysis patients in whom thrombosis of the 
AV graft occurs within the first 48 h of surgery, and those who 
have recurrent graft thrombosis may have a hypercoagulable 
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state that contributes to the thrombosis. In such patients 
evaluation for a hypercoagulable state could be performed, 
and if such a condition is present, warfarin therapy could 
be considered [12-14]. However, there is paucity of strong 
data supporting this recommendation. A case could be made 
for performing a hypercoagulable state evaluation in select 
patients as follows: 
1. Patients in whom the graft thrombosis is in the first 48 h 
of surgery 
2. Patients in whom the graft thromboses are without an 
anatomical lesion AND in whom the blood pressure is 
normal 
3. Patients who have had more than three episodes of throm- 
bosis in a calendar year 
Antiphospholipid antibodies, activated protein C resis- 
tance, protein C and S levels, and evaluation for antithrom- 
bin deficiency could be obtained. If the work-up above is 
positive, then low-dose warfarin therapy (target INR of 1.5- 
2.0) could be considered. 


5.8 Newer Anticoagulant Medications 

We avoid the use of the new orally active anticoagulants 
(dabigatran, rivaroxaban, and apixaban) in our dialysis 
patients as there are no long-term data on the safety of these 
medications in this subset of patients and there is a lack of 
effective antidotes. Interventions in patients who are on these 
agents cannot be advocated at this time. 
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5.9  Thrombolytics 

Thrombolytic therapy is used in management of thrombosed 
AV accesses. The most commonly used agent is Alteplase 
(recombinant tissue plasminogen activator — rtPA). When 
given intravenously, the onset is almost instantaneous. The 
drug binds to fibrin in a thrombus and converts entrapped 
plasminogen into plasmin, thus initiating local fibrinolysis. It 
is a short-acting drug with about half the drug present in the 
plasma cleared by 5 min after termination of the infusion and 
more than 80 % cleared within 10 min. 

Reteplase (onset of thrombolysis in 30-90 min and half- 
life of elimination of 13—15 min) and urokinase have been 
used as well. Due to the delayed onset of reteplase and the 
predominantly extravascular activation of fibrinolysis by 
urokinase (in contrast to tPA which is largely responsible for 
initiating intravascular fibrinolysis), neither is used com- 
monly by the interventionalist. 

Doses of 0.5-2 mg of tPA are usually used. With such 
doses the incidence of complications is about 10-15 % [15]. 
Most are minor complications and include bleeding from 
dialysis cannulation sites and peri-access hematomas. Major 
complications are uncommon and include vein rupture. These 
can be treated with prolonged angioplasty and/or stenting. 
Rarely arterial rupture can be a complication (Fig. 5.4). If this 
happens, the first and only priority is to save the limb. A stent 
could be placed across the rupture. More often than not, liga- 
tion of the access and arterial bypass may be needed. It is of 
paramount importance to evaluate the artery with an arterio- 
gram after arterial angioplasty to recognize this complication. 


Fig.5.4 Arterial anastomotic angioplasty complicated by arterial rupture. The patient underwent brachial artery bypass 
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Given the rapid clearance of rtPA, it is safe to place tunneled 
dialysis catheters should a thrombectomy be unsuccessful. 

In the in-patient setting, continuous rtPA infusion has 
been used to achieve thrombolysis. While there exists little 
data on the incidence of complications, we have encountered 
two instances of cerebral bleeding in our dialysis patients 
who underwent rtPA infusion (out of a total of 12 patients 
whom we referred for in-patient thrombolysis due to large 
thrombus load). 


5.10 Summary and Recommendations 


1. The use of anticoagulants and thrombolytics in percuta- 
neous interventions of dialysis accesses is safe. 

2. The most common complication of the use of anticoagu- 
lants and thrombolytics is bleeding. 

3. Bleeding from access cannulation sites can be controlled 
with percutaneous sutures. 

4. Bleeding from sites of angioplasty can be treated with 
prolonged angioplasty and/or stenting. 

5. After selective catheterization of an artery, removal of the 
catheter over a guidewire should be considered. 

6. If a tunneled dialysis catheter is needed after the patient 
has received anticoagulants and/or thrombolytics, central 
venous patency should be evaluated with an angiogram. If 
central venous stenoses are noted, then these should be 
treated before placement of a catheter. 
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Noninvasive Screening and Testing 
for PAD in CKD Patients 


Alexander S. Yevzlin and Peter J. Mason 


6.1 Introduction 

Cardiovascular disease (CVD) is the cause of death in nearly 
half of end-stage renal disease (ESRD) patients [1]. An indi- 
vidual with ESRD has a CVD mortality rate 15 times that 
found in the general population. Moreover, CVD is the lead- 
ing cause of death in patients with chronic kidney disease 
(CKD), and a patient even with early-stage CKD is five to 
ten times more likely to die from a cardiovascular event than 
progress to ESRD [2]. As nephrologists we are aware of the 
importance of CVD risk factor detection and modification. 
We are instructed by a multitude of guidelines to evaluate 
our ESRD and CKD patients for atherosclerotic coronary 
artery disease (CAD) with cardiologic referral, lipid man- 
agement, and stress testing. 

The prevalence of PAD increases significantly with age 
and is high regardless of age in patients with diabetes or 
tobacco abuse [14]. Previous studies have shown that periph- 
eral arterial disease (PAD) is associated with a significantly 
elevated risk of cardiovascular disease morbidity and mor- 
tality and is generally regarded as a CVD equivalent in terms 
of mortality risk [3-5]. Despite these facts, PAD remains 
underdiagnosed and undertreated [14]. Patients with PAD 
are often asymptomatic or present with atypical symptoms, 
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and although the severe complications of PAD are devastating 
and should be aggressively prevented, the benefits of detec- 
tion and treatment of PAD beyond the recommended guide- 
lines for its associated comorbid conditions remain somewhat 
uncertain. This may be especially true for the subset of CKD 
patients with PAD. The purpose of this chapter is to describe 
an approach to PAD screening in CKD patients. 


6.2 Pathophysiology of PAD 


in CKD Patients 


The pathophysiology of vascular disease in the CKD popula- 
tion differs from the nonrenal disease population. Vascular 
disease associated with traditional atherosclerotic disease 
risk factors such as diabetes, dyslipidemia, hypertension, 
tobacco abuse, and aging is characterized by intimal disease 
with lipid-rich plaques producing focal stenoses and the 
potential for plaque rupture and subsequent thrombosis. In 
CKD, on the other hand, plaques are characterized by intense 
medial calcification, which tends toward chronic stenotic 
disease rather than acute plaque rupture [6]. Although medial 
calcification does occur in the aging population, the form 
seen in the CKD population occurs at a much earlier age and 
with much greater severity [7—9]. 

The most evident factors in the development of medial 
arterial calcification are serum levels of calcium and phos- 
phate. Relatively early in the progression of CKD, the kid- 
neys retain phosphate. The tissue most exposed to the serum 
is the vascular endothelium. Recent epidemiologic data sug- 
gest that there is a direct correlation between serum phosphate 
levels and all-cause and cardiovascular mortality in CKD and 
ESRD [10]. Vascular smooth muscle cells (VSMC) also 
appear central to the process of medial calcification. Vascular 
smooth muscle cells may undergo trans-differentiation into 
phenotypically distinct cells that are capable of generating 
calcification in the presence of inflammation [11]. 
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6.3 Epidemiology of PAD in CKD 
Population 


Prior estimates of PAD prevalence in the USA have ranged 
from 3 to 30 % in US adult populations [12-15]. A study 
by Selvin et al. analyzed data from 2,174 participants 
aged 40 years and older from the 1999-2000 National 
Health and Nutrition Examination Survey [16]. PAD was 
defined as an ankle-brachial index less than 0.90 in either 
leg. The prevalence of PAD among adults aged 40 years 
and over in the USA was 4.3 %, which corresponds to 
approximately five million individuals. Among those 
aged 70 years or over, the prevalence was 14.5 %. Among 
the risk factors identified, CKD (OR 2.00, 95 % CI 1.08- 
3.70) conferred a twofold increased risk of PAD. 
Interestingly, fibrinogen and C-reactive protein levels, 
which are known to be disproportionately elevated in 
CKD patients, are also associated with PAD [16]. In an 
updated analysis of NHANES including data from 1999 
to 2004, the estimated prevalence of PAD among US 
adults over 40 years of age was 5.9 %, or approximately 
7.1 million individuals. 

Our understanding of PAD prevalence is further enhanced 
by two epidemiological studies in at-risk individuals fol- 
lowed in community-based primary care practices. The 
peripheral arterial disease detection, awareness, and treat- 
ment in primary care (PARTNERS) trial assessed the preva- 
lence of PAD in 6,979 American adults aged 70 years and 
older and 50 years of age or older with diabetes or tobacco 
abuse [14]. PAD was defined by questionnaire and ankle- 
brachial index testing. The study found that 29 % of all 
patients had PAD based on an abnormal ABI (<0.9) but that 
only 9 % of these patients reported typical claudication 
symptoms [14]. The German epidemiological trial on ankle 
brachial index (GETABI) determined the prevalence of 
PAD in 6,821 German adults by practitioner history and 
ankle-brachial index testing. Unlike in PARTNERS, the 
only inclusion criterion in the GETABI trial was that 
patients were aged 65 years and older. The study found that 
21 % of patients had either symptomatic or asymptomatic 
PAD (ABI <0.9). 

Most studies of cardiovascular disease in patients with 
CKD have not examined lower-extremity PAD per se [17- 
19], despite exceedingly high amputation rates in this 
patient population [20]. A study by O’ Hare et al. examined 
the cross-sectional association of PAD, defined as an ankle- 
brachial index (ABI) <0.9, and CKD stage 3-5, defined as 
an estimated creatinine clearance (CRCL) <60 mL per min, 
among 2,229 eligible participants in the National Health 
and Nutrition Examination Survey (NHANES) 1999-2000 
[22]. Univariate logistic regression analysis showed that 
compared with their counterparts with CKD stage 2 or 
higher kidney function, patients with moderate to severe 
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CKD were at ninefold increased risk to have an ABI <0.9 
(versus an ABI of 1-1.3). The authors developed two mul- 
tivariable models to adjust sequentially for demographic 
characteristics and comorbid conditions that might con- 
found the association between renal insufficiency and ABI. 
After adjustment for age, gender, and race, moderate to 
severe CKD remained strongly associated with an ABI <0.9 
(OR 3.0, 95 % CI 1.7-5.3, P<0.001). This association per- 
sisted after further adjustment for comorbid conditions 
including diabetes, coronary artery disease, and history of 
stroke; measures of diabetes severity (glycosylated hemo- 
globin, self-reported retinopathy, and insulin use); history 
of diagnosed hypertension; and measured blood pressure, 
total cholesterol, BMI, and smoking history. The authors 
concluded that clinicians should be aware of the remark- 
ably high prevalence of PAD among patients with CKD. 
Moreover, they argued that accurate identification of 
patients with CKD combined with routine ABI measure- 
ment in this group would greatly enhance efforts to detect 
subclinical PAD. 

Given the increased incidence of PAD in CKD, the K/ 
DOQI guidelines recommend screening all patients upon ini- 
tiation of dialysis [21]. The K/DOQI guidelines, however, in 
this particular area, must be taken with caution given the 
weakness in evidence supporting them. In addition, the 
guidelines address only dialysis patients and do not make 
specific recommendations for those with CKD. The issue is 
further complicated by the fact that there is no consensus 
regarding optimal treatment strategies. The issues regarding 
cardiovascular mortality, lower limb mortality, patient’s 
functional status, and candidacy for available medical and 
interventional therapies must be weighed when making the 
decision to screen for PAD in CKD. Put simply, patients with 
CKD and ESRD may not be candidates for revasculariza- 
tion, which would be an argument against screening in these 
situations in the first place. 

Therefore, before screening methods are discussed, it is 
important to determine risk factors for the presence of PAD. 
Data from waves 1, 3, and 4 of the US Renal Data System 
Dialysis Morbidity and Mortality Study were used to exam- 
ine cross-sectional associations of a range of conventional 
cardiovascular risk factors and uremia- or dialysis-related 
variables with PAD in a recent study [22]. PAD was posi- 
tively associated with the duration of dialysis (vintage) and 
malnourished status and was negatively associated with 
serum albumin and parathyroid hormone levels and predi- 
alysis diastolic BP. Kt/V was negatively associated with 
PVD in waves 3 and 4 but not in wave 1. PAD was associ- 
ated with increasing age, white (versus nonwhite) race, male 
gender, diabetes mellitus, coronary artery disease, cerebro- 
vascular disease, smoking, and left ventricular hypertrophy, 
as for the general population, but not with hypertension or 
hyperlipidemia [23]. 


6 Noninvasive Screening and Testing for PAD in CKD Patients 


37 


6.4 Noninvasive Screening Methods 


6.4.1 Physical Exam and History 

Diagnosis begins with a detailed medical history and exam in 
patients who are at risk for PAD, which in our patient popula- 
tion includes all CKD stage 3-5 patients. The medical history 
should focus on symptoms of claudication, rest pain, impaired 
ability to walk, and nonhealing lower-extremity ulcerations. 
Claudication, the symptom classically associated with PAD, 
usually presents as reproducible muscle pain that occurs with 
activity and improves with rest. It results from a mismatch 
between oxygen supply to and demand of muscle group dur- 
ing exercise. Conditions other than lower-extremity athero- 
sclerosis can result in claudication-like symptoms, such as 
compartment syndromes, deep venous thrombosis, and spi- 
nal stenosis. Therefore, an astute clinician should distinguish 
between these various diagnoses, looking for signs of trauma, 
edema, or back problems in addition to PAD. Although clau- 
dication is classically associated with PAD, most patients (up 
to 90 %) are asymptomatic or present with atypical leg symp- 
toms [14, 24]. At more advanced stages, PAD may manifest 
as rest pain, nonhealing leg ulcers, or gangrene. Physical 
examination should focus on skin integrity (e.g., hair loss, 
presence of wounds or ulcers) and assessment of peripheral 
pulses with accurate documentation of all pulses at each visit. 
Diminished bilateral peripheral pulses, femoral bruits, and 
prolonged capillary refill are very specific for PAD [25, 26]. 


6.4.2 Noninvasive Testing 


The ankle-brachial BP index is a simple, noninvasive, and 
reliable test for the detection of PAD and assessment of its 
severity. Clinical guidelines for PAD recommend ABI as a 
screening test for asymptomatic PAD of the lower extremities 
(27, 28]. ABI has also been reported to correlate well with 
PAD severity and angiographic findings [29]. One method of 
measurement uses a 10-12 cm sphygmomanometer cuff 
placed just above the ankle and a Doppler instrument used to 
measure the systolic pressure of the posterior tibial and dor- 
salis pedis arteries of each leg (Fig. 6.1). These pressures are 
then divided by the higher brachial pressure of either arm to 
form the ankle-brachial ratio or “index.” A reduced ABI in 
symptomatic patients confirms the existence of hemodynam- 
ically significant occlusive disease between the heart and the 
ankle, with a lower ABI (<0.9) indicating a greater degree of 
hemodynamic significance of the occlusive disease. The 
reproducibility of the ABI varies in the literature, but it is 
significant enough that reporting standards require a change 
of 0.15 in an isolated measurement for it to be considered 
clinically relevant or >0.10 if associated with a change in 
clinical status. The typical cutoff point for diagnosing PAD is 


Fig. 6.1 ABI methodology. Right ABI right ankle systolic BP (a)/ 
higher upper extremity systolic BP (left (c) or right (d)). Left ABI left 
ankle systolic BP (b)/higher upper extremity systolic BP (left (c) or 
right (d)) 


<0.90 at rest. However, patients with borderline reduced val- 
ues (0.9-1.0) are also at increased risk of adverse cardiovas- 
cular events and mortality and should be considered for 
further testing and/or treatment. 

In patients with PAD who do not have classic claudication 
(asymptomatic patients), a reduced ABI is highly associated 
with cardiovascular events [30]. This risk is related to the 
degree of reduction of the ABI (lower ABI predicts higher 
risk) and is independent of other standard risk factors. The 
purpose of screening asymptomatic patients in the general 
population is to attempt to modify their CVD risk by pre- 
scribing aspirin, lipid medications, diet, etc., if they are dis- 
covered to have PAD. For this reason, ABI testing is 
recommended in a variety of “at-risk” patient subgroups fre- 
quent to primary care practices (Table 6.1) [31]. In CKD 
patients, the presence of CKD alone is an independent risk 
factor for CVD. Thus, by virtue of CKD alone, independent 
of PAD diagnosis, patients should be treated with an aggres- 
sive CVD risk reduction regimen. For this reason, screening 
of asymptomatic CKD patients for PAD is not recommended 
(Tables 6.1 and 6.2). For a detailed algorithmic approach to 
PAD screening in the CKD population, see Fig. 6.2. 
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Table 6.1 Recommendations for ankle-brachial index (ABT) screening to detect PAD in the general population and in CKD population 


An ABI should be measured in a non-CKD patient: 


All patients who have exertional leg symptoms 


An ABI should be measured in a CKD patient: 
All patients who have exertional leg symptoms 


All patients between the age of 50 and 69 and who have a cardiovascular risk 


factor (particularly diabetes or smoking) 
All patients age >70 years regardless of risk factor status 
All patients with a Framingham risk score 10-20 % 


Table 6.2 The value of a reduced ABI in the general population differs from that in CKD population 


General population 
Confirms the diagnosis of PAD 
Detects significant PAD in (sedentary) asymptomatic patients 


Used in the differential diagnosis of leg symptoms to identify a vascular etiology 
Identifies patients with reduced limb function (inability to walk defined 


distances or at usual walking speed) 


CKD 

Confirms the diagnosis of PAD 

Used in the differential diagnosis of leg symptoms to 
identify a vascular etiology 

Identifies patients with reduced limb function 
(inability to walk defined distances or at usual walking 
speed) 


Provides key information on long-term prognosis, with an ABI <0.90 associated 


with a three- to sixfold increased risk of cardiovascular mortality 


Provides further risk stratification, with a lower ABI indicating worse prognosis 


Highly associated with coronary and cerebral artery disease 


Can be used for further risk stratification in patients with a Framingham risk 


Peripheral 
intervention 


score between 10 and 20 % 


Fig.6.2 Diagnostic approach to 
the CKD patient with suspected 
PAD. Patients with symptoms and 
borderline reduced ABI (0.9-1.0) 
values should be considered for 
additional testing (e.g., exercise 
ABI/PVR, CTA/MRA, or arterial 
duplex). Hemodynamically 
significant inflow (e.g., aortoiliac) 
disease may not cause a 
significant resting pressure 
gradient but will cause symptoms 
and can be detected with a 
postexercise ABI or vascular 
imaging study. Patients with 
borderline reduced ABI (0.9-1.0) 
regardless of symptoms are 
known to be at increased risk of 
all-cause mortality and CVD 
morbidity and mortality and 
should also be targeted for 
aggressive risk factor modification 


Response to | | No response 
treatment to treatment 
Medical 
treatment 
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However, ABI has been suggested to be unsuitable for 
assessing PAD in patients with diabetes, older age, history 
of intervention for PAD, or advanced chronic kidney dis- 
ease (CKD) [18, 32, 33]. In particular, increased arterial 
stiffness might interfere with ABI measurements and affect 
the sensitivity of ABI for detecting PAD among dialysis 
patients. These patients typically have an ABI >1.40. 
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In some of these patients, the Doppler signal at the ankle 
cannot be obliterated even at cuff pressures above 
300 mmHg [31]. In these patients additional noninvasive 
diagnostic testing should be performed to evaluate the 
patient for PAD (Fig. 6.2). 

In an attempt to establish a screening test for PAD that 
has sufficient diagnostic value and is safe and inexpen- 
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sive, Ogata et al. attempted to use duplex ultrasound [34]. 
Of the 315 patients evaluated in their study, 23.8 % had 
PAD. The receiver operating characteristic analysis (area 
under the receiver operating characteristic curve =0.846) 
showed that sensitivity and specificity of ABI values for 
PAD were 49.0 and 94.8 %, respectively. As a result of the 
limitations of ABI and ultrasonographic studies in PAD 
screening, alternative diagnostic strategies have been 
employed, including magnetic resonance (MR) angiogra- 
phy and computed tomographic (CT) angiography. While 
both of these modalities have been shown to be reliably 
accurate in providing information regarding the presence 
and extent of vascular disease, they are not without limi- 
tations. Alternative tests include toe systolic pressures, 
pulse volume recordings, transcutaneous oxygen mea- 
surements, or vascular imaging (most commonly with 
duplex ultrasound). 


6.4.3 Invasive Testing 

Unfortunately, CT and MR, once thought to be noninvasive 
in nature due to their safety profile, are fraught with potential 
problems for the CKD population. CT uses ionizing radia- 
tion and requires the use of iodinated contrast, which is 
nephrotoxic and could potentially exacerbate CKD. Contrast 
MR angiography of the lower extremities is a highly accu- 
rate modality, which does not utilize ionizing radiation or 
iodinated contrast. The emergence of nephrogenic systemic 
fibrosis (NSF) as a complication of gadolinium use in 
patients with compromised renal failure has limited the con- 
tinued use of MRA in the CKD population [35]. 

As a result, conventional angiography remains the gold 
standard for diagnosis of PAD in CKD patients with mul- 
tiple risk factors. Angiography is a highly accurate method 
for evaluation of PAD. Although invasive, it offers the dis- 
tinct advantage of allowing for treatment with percutaneous 
transluminal angioplasty (PTA) or stenting of significant 
lesions discovered at the time of assessment. The disad- 
vantages of angiography include the use of iodinated con- 
trast and ionizing radiation, relative cost, need for patient 
sedation and monitoring, and the potential occurrence of 
associated complications. The potential complications of 
arterial angiography include bleeding, infection, and vascu- 
lar injury. Patients with CKD not yet on dialysis, and even 
those on dialysis in whom residual renal function is an issue, 
may not be able to safely undergo conventional angiogra- 
phy. However, the use of various preparatory methods prior 
to angiography seems to diminish the risk of acute kidney 
injury in the setting of CKD [36]. Furthermore, contrast dose 
can be very strictly managed in these patients by a careful 
and deliberate approach to diagnostic evaluation in the CKD 
population (Fig. 6.2). 
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Conclusion 
PAD is a problem that affects CKD patients out of propor- 
tion to the general population and mirrors CVD outcomes 
very closely. Unlike the general population, PAD in CKD 
occurs in association with traditional atherosclerotic dis- 
ease risk factors and in combination with the process of 
medial calcification. Screening for PAD should be per- 
formed in symptomatic patients, and CVD risk factor 
modification should occur in all CKD patients, regardless 
of the presence of PAD. 
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Overview of PAD Treatment in the CKD 
Population: Indications, Medical 
Strategies, and Endovascular 


Techniques 


Alexander S. Yevzlin and Micah R. Chan 


7.1 Introduction 

Cardiovascular disease (CVD) is the cause of death in nearly 
half of end-stage renal disease (ESRD) patients [1, 2]. An 
individual with ESRD has a CVD mortality rate 15 times 
that found in the general population. Previous studies have 
shown that peripheral arterial disease (PAD) is associated 
with a significantly elevated risk of cardiovascular disease 
morbidity and mortality and is generally regarded as a CVD 
equivalent in terms of mortality risk [3-5]. The purpose of 
this chapter is to describe an approach to PAD treatment in 
CKD patients with a discussion of indications, outcomes, 
techniques, and precautions. 


7.2 Indications 

The pathophysiology of vascular disease in the CKD popula- 
tion differs from the nonrenal disease population. Traditional 
vascular disease comprises intimal disease with lipid-rich 
plaques producing focal stenoses and the potential for plaque 
rupture and subsequent thrombosis. In CKD, on the other 
hand, plaques are characterized by intense medial calcifica- 
tion, which tends toward chronic stenotic disease rather than 
acute plaque rupture [6, 7]. What is more, PAD appears to be 
more common in the CKD population than in the general 
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population [8], with some studies suggesting that patients 
with moderate to severe CKD were at ninefold increased risk 
to have an ABI <0.9 [9]. In addition, lower extremity ampu- 
tations resulting from PAD are more prevalent in the ESRD 
population than in the general population with PAD [10]. 

Given the prevalence of PAD in CKD, the K/DOQI guide- 
lines recommend screening all patients upon initiation of 
dialysis [9]. However, the recommendation to screen CKD/ 
ESRD patients for PAD who are asymptomatic is not sup- 
ported by clinical data. In patients with PAD who do not 
have classic claudication (asymptomatic patients), a reduced 
ABI is highly associated with cardiovascular events [11]. 
The purpose of screening asymptomatic patients in the gen- 
eral population is to attempt to modify their CVD risk by 
prescribing aspirin, lipid medications, diet, etc., if they are 
discovered to have PAD. For this reason, the ABI has become 
a routine measurement in the primary care practice of medi- 
cine [12]. In CKD and ESRD patients, however, the presence 
of CKD alone is an independent risk factor for CVD. Thus, 
by virtue of CKD alone, independent of PAD diagnosis, 
patients should be treated with an aggressive CVD risk 
reduction regimen. For this reason, screening of asymptom- 
atic CKD patients for PAD is not recommended. 

Likewise, treatment of PAD is only indicated if the CKD/ 
ESRD patient exhibits symptoms and signs of claudication, 
rest pain, impaired ability to walk, or nonhealing lower 
extremity ulcerations. Claudication, the symptom classically 
associated with PAD, usually presents as reproducible muscle 
pain that occurs with activity and improves with rest. It results 
from a mismatch between oxygen supply to and demand of 
muscle group during exercise. Physical examination should 
focus on skin integrity (e.g., hair loss, presence of wounds or 
ulcers) and assessment of peripheral pulses with accurate 
documentation of all pulses at each visit. Diminished bilateral 
peripheral pulses, femoral bruits, and prolonged capillary 
refill are very specific for PAD [13]. If a CKD patient com- 
plains of the symptoms outlined above and if the suspected 
diagnosis is corroborated with noninvasive screening tests 
(ABI <.9), then treatment should be strongly considered. 
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7.3 Medical Treatment of PAD 

The evidence for medical therapies that reduce symptoms 
and attenuate disease progression is strongest for antiplatelet 
therapies. There may be a modest benefit with clopidogrel 
over aspirin, as suggested by Clopidogrel versus Aspirin in 
Patients at Risk of Ischemic Events (CAPRIE) trial found a 
reduced cardiovascular risk in the clopidogrel-treated group 
[14]. Although the ACC/AHA guidelines recommend clopi- 
dogrel as an aspirin alternative, severe CKD was an exclu- 
sion criterion for enrollment in the CAPRIE trial, so the 
potential benefits of clopidogrel versus aspirin in our patients 
are unclear [15]. However, the TransAtlantic Inter-Society 
Consensus (TASC) guidelines recommend either aspirin or 
clopidogrel [16]. A recent meta-analysis which evaluated the 
effects of antiplatelet agents on maximal walking distance 
(MWD), one of the key parameters of symptom relief in the 
general PAD population [17], found that the overall pooled 
estimate was in favor of treatment but with a modest increase 
in MWD of 59 m. 

Cilostazol and pentoxifylline are phosphodiesterase 
inhibitors that reduce platelet aggregation and act as mild 
vasodilator. Several studies have suggested that cilostazol 
can reduce claudication and increase walking times [18-20]. 
Studies with cilostazol showed a significant effect on walk- 
ing distance at doses of 50 and 100 mg. MWD increased 
36 m (95 % CI: 30e41 m) with 50 mg, but almost twice 
that, 70 m (95 % CI: 47e93) with the 100-mg dose [17]. It is 
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important to note that the use of cilostazol is contraindicated 
in patients with congestive heart failure, although there are 
no studies in this population. In addition, information in the 
package insert indicates that cilostazol has reduced clear- 
ance in severe renal impairment. Since this drug has not 
been studied in dialysis patients, caution is advised for use 
in individuals with a creatinine clearance <25 ml/min [9]. 
Pentoxifylline was similarly found to be of modest benefit on 
MWD [17], clearance is reduced in renal failure, so dosages 
must be adjusted appropriately in those settings. 

A comprehensive medical therapy algorithm based on the 
above observations is offered in Fig. 7.1. 


7.4 Invasive Diagnostics of PAD 

Severe forms of PAD often manifest as the clinical entity 
known as critical limb ischemia, which is defined by rest 
pain and ischemic skin lesions such as ulcers and gangrene. 
In the general population, revascularization is the optimal 
therapy for critical limb ischemia [15, 21]. Revascularization 
via percutaneous transluminal angioplasty (PTA) procedures 
is preferred to surgical revision in most cases. There are no 
randomized, controlled trial data regarding revascularization 
techniques in patients with CKD and dialysis patients, how- 
ever. Not surprisingly, a retrospective analysis of patients 
who had CKD and underwent lower limb revascularization 
found lower rates of limb loss and mortality compared with 
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ESRD [22]. What is more, mortality rates were found to be 
inversely correlated with kidney function [23]. Patients with 
ESRD often are not good candidates for PTA because of dis- 
tal disease and vascular calcifications. Nevertheless, a retro- 
spective analysis of hemodialysis patients saw lower 
mortality and higher limb salvage rates in those who under- 
went percutaneous revascularization compared with a surgi- 
cal approach [24]. 

Once a patient is judged to be a likely candidate to ben- 
efit from intervention, an angiogram is scheduled. Contrast 
angiography remains the gold standard for diagnosis and 
the assessment of the severity of atherosclerotic PAD. The 
value of this diagnostic modality has been buoyed by the 
recently described association of nephrogenic systemic 
fibrosis (NSF) with magnetic resonance contrast agents, as 
such are required for MR angiography [25]. Angiography, 
further, allows evaluation of the abdominal aorta, renal 
arteries and branch vessels, the presence of accessory renal 
arteries, as well as cortical blood flow and renal dimensions 
[26]. Moreover, pressure gradients across arterial lesions 
can be obtained to evaluate its hemodynamic significance 
of the said lesions if the angiographic or noninvasive test- 
ing data is equivocal. Digital subtraction angiography (DSA) 
has become available in many institutions and, although its 
resolution is inferior to film, it permits the use of lower con- 
centrations of iodinated contrast, as well as of alternative 
contrast agents such as CO, [27]. 

The disadvantages of angiography include the use of 
iodinated contrast and ionizing radiation, relative cost, need 
for patient sedation and monitoring, and the potential occur- 
rence of associated complications. The potential complica- 
tions of arterial angiography include bleeding, infection, 
cholesterol embolization, and vascular injury. Patients with 
CKD not yet on dialysis, and even those on dialysis in whom 
residual renal function is an issue, may not be able to safely 
undergo conventional angiography. However, the use of vari- 
ous preparatory methods prior to angiography seems to 
diminish the risk of acute kidney injury in the setting of CKD 
[28]. Furthermore, contrast dose can be very strictly man- 
aged in these patients by a careful and deliberate approach to 
diagnostic evaluation in the CKD population. 

Typically, an abdominal aortogram is performed with dis- 
tal runoff, usually positioning a pigtail catheter at the lower 
edge of the first lumbar vertebra and power-injecting 40 ml 
of dye at 20 ml/s. The abdominal aortogram will provide 
information regarding the aorta itself, the position of the 
renal arteries, and the presence of iliac calcification. Runoff 
into the lower extremities must be done properly by moving 
the image intensifier or table such that the flow of contrast 
can be followed. This takes a certain degree of experience 
and can lead to repeated aortograms if not performed prop- 
erly. In most instances, the aortogram provides adequate 
visualization of the peripheral arterial tree, but if optimal 


imaging or pressure gradient measurement are needed, selec- 
tive catheterization becomes necessary. This can be achieved 
with a variety of different 4-6 F diagnostic catheters. 
Whatever catheter shape is used, the goal is to achieve selec- 
tive cannulation of the artery in question without excessive 
catheter manipulation, as atheromas are often adjacent to 
areas of disease and distal embolization can occur [26]. 


7.5 


Interventional Approach 


Percutaneous intervention on PAD in CKD patients should 
be considered only if one of the following conditions is met: 
1. Symptomatic and refractory to medical therapy. 

2. Critical limb ischemia is present. 

Medical therapy of the CKD patient with claudication is 
described above. If the CKD patient has been treated with 
medical therapy with no improvement in symptoms, then 
percutaneous revascularization may be considered (Fig. 7.1). 
Critical limb ischemia (CLI) is different from claudication 
per se and can be defined as limb pain that occurs at rest or 
impending limb loss that is caused by severe compromise of 
blood flow to the affected extremity. All CKD patients with 
rest pain, ulcers, or gangrene attributable to objectively 
proven arterial occlusive disease should be categorized as 
CLI. Unlike individuals with claudication, patients with CLI 
have resting perfusion that is inadequate to sustain viability 
in the tissue bed and which frequently leads to amputation 
(Fig. 7.2). Therefore, CLI should be considered for percuta- 
neous revascularization at the same time that medical ther- 
apy is initiated [15]. 

Claudication and CLI exist on a continuum, which 
makes it challenging to simplify this complex disease state 
into two distinct categories. For this reason, guidelines have 
been developed to subcategorize PAD into several distinct 
subtypes based on characteristics of lesion morphology 
[21]. These classifications are summarized in Tables 7.1 
and 7.2 for supra- and infrainguinal disease, respectively. 
The symptoms that a given lesion is causing can also be 
divided into stages (Table 7.3) [29]. Based on classification 
of symptoms and lesion morphology, the interventional 
plan can then be determined based on the algorithms 
described in Figs. 7.3 and 7.4. 


7.6 Precautions 
Careful attention to contrast dye load is required, especially 
in patients at high risk for contrast nephropathy. As men- 
tioned above, CO, can be used as alternative contrast agents 
at least during some parts of the intervention. 

Adjuvant pharmacology before and after periph- 
eral percutaneous intervention has not been systemati- 
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Table 7.1 TASC stratification of suprainguinal lesions 


Type A lesions 


Single stenosis less than 3 cm of the CIA or EIA (unilateral/ 
bilateral) 


Type B lesions 
Single stenosis 3—10 cm in length, not extending into the CFA 


Total of 2 stenoses less than 5 cm long in the CIA and/or EIA and 
not extending into the CFA 


Unilateral CIA occlusion 
Type C lesions 


Bilateral 5- to 10-cm-long stenosis of the CIA and/or EIA, not 
extending into the CFA 


Unilateral EIA occlusion not extending into the CFA 
Unilateral EIA stenosis extending into the CFA 
Bilateral CIA occlusion 

Type D lesions 


Diffuse, multiple unilateral stenoses involving the CIA, EIA, and 
CFA (usually more than 10 cm long) 


Unilateral occlusion involving both the CIA and EIA 
Bilateral EIA occlusions 
Diffuse disease involving the aorta and both iliac arteries 


Iliac stenoses in a patient with an abdominal aortic aneurysm or 
other lesion requiring aortic or iliac surgery 


cally studied. Heparin to maintain an ACT of 250-300 s 
is frequently used as the anticoagulant of choice during 
interventional procedures; most interventionalists are 
quite familiar with its use, and it can be easily reversed 
with protamine. Patients are usually pretreated with aspi- 
rin which is continued indefinitely. The use of clopidogrel 
seems theoretically necessary following percutaneous 
intervention; however, there are no controlled studies 
exploring its use on CKD patients with PAD. However, if 
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function in 50 % 


Mortality in 25 % 
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Table 7.2 TASC stratification of infrainguinal lesions 


Type A lesions 


Single stenosis less than 3 cm of the superficial femoral artery or 
popliteal artery 


Type B lesions 


Single stenosis 3—10 cm in length, not involving the distal popliteal 
artery 


Heavily calcified stenoses up to 3 cm in length 
Multiple lesions, each less than 3 cm (stenoses or occlusions) 


Single or multiple lesions in the absence of continuous tibial runoff 
to improve inflow for distal surgical bypass 


Type C lesions 
Single stenosis or occlusion longer than 5 cm 


Multiple stenoses or occlusions, each 3-5 cm in length, with or 
without heavy calcification 


Type D lesions 


Complete common femoral artery or superficial femoral artery 
occlusions or complete popliteal and proximal trifurcation 
occlusions 


Table 7.3 Rutherford classification of PAD symptoms 


Category Clinical description 

0 Asymptomatic 

1 Mild claudication 

2 Moderate claudication 
3 Severe claudication 

4 Ischemic rest pain 

5 Minor tissue loss 

6 Ulceration or gangrene 


the CKD patient has symptoms of PAD justifying interven- 
tion, they should be treated with clopidogrel by virtue of 
that alone. Other possible intra-procedural anticoagulants, 
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Fig.7.3 Suprainguinal lesion treatment algorithm 


such as glycoprotein 2B3A receptor antagonists, and direct 
thrombin inhibitors, such as bivalirudin, have not been for- 
mally studied in peripheral interventions in CKD. 

PAD intervention requires close attention to several 
important details that are typically not a major concern in 
the venous system. When performing arterial intervention, 
one must not oversize the balloon or undersize the stent 
[30]. In addition, there is no reason to use a longer balloon 
than you need, and one should aim for 5-mm extension 
beyond the length of the lesion when selecting balloon 
length. The guidewire should be kept across the lesion at 
all times, even when retracting the balloon in what one 
feels is a successful intervention. One should seldom inter- 
vene before giving anticoagulation. One should not inflate 
an angioplasty balloon over nominal pressure in the arte- 
rial system, since balloon rupture can lead to acute limb 
ischemia in the arterial system. A partially inflated balloon 
should not be retracted, and it is best to intervene in the 


arterial system with a sheath that engages the lesion in 
question [26]. Most importantly, one must not allow air 
into the arterial system, especially when operating on the 
great vessels of the thoracic aorta. In most cases a mani- 
fold can be used to minimize the probability of air 
embolization. 

Given the above precautions, PAD intervention should be 
performed only by skilled interventionalists who are specifi- 
cally trained for PAD intervention. These practitioners 
should have a thorough knowledge of the medical/cognitive 
components of the decision making process as described 
above. To date, there is no entity that trains, certifies, or 
accredits nephrologists in this discipline. Furthermore, the 
procedures described above should only be performed if 
there is adequate monitoring and surgical backup to allow 
detection and treatment of the potential complications of 
PAD intervention, including but not limited to acute limb 
ischemia, arterial thrombosis, and arterial dissection. 
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Fig.7.4 Infrainguinal lesion treatment algorithm 


Conclusion 

PAD is a problem that affects CKD patients out of pro- 
portion to the general population and mirrors CVD out- 
comes very closely. Unlike the general population, PAD 
in CKD occurs due to medial calcification; as opposed to 
an intimal atherosclerotic process, PAD intervention 
should be performed in select symptomatic patients, as 
described by the guidelines, and CVD risk factor modifi- 
cation should occur in all CKD patients, regardless of the 
presence of PAD. 

As a discipline, interventional nephrology has emerged 
out of a desire to create better outcomes for our patients 
and to “fix a problem.” The core values of our discipline 
have evolved out of this fundamental desire to meet an 
unmet clinical need, provide insight into a disease state 
specific to our patients, and offer clinical/academic excel- 
lence in doing so. We must endeavor to follow a similar 
path in our approach to PAD. 
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Unconventional Venous Access: 
Percutaneous Translumbar 
and Transhepatic Venous Access 


for Hemodialysis 


Jason W. Pinchot 


8.1 Introduction 

The National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative™ (NKF KDOQI™) Clinical Practice 
Guidelines on chronic kidney disease (CKD) estimate that 
CKD affects more than 50 million people worldwide and 
more than one million of these patients are receiving hemo- 
dialysis [1]. In the USA alone, more than 382,000 patients 
were receiving hemodialysis for ESRD through 2008 [2]. 
Maintenance of functional venous access for hemodialysis 
often determines the survival of patients with end-stage renal 
disease [3]. Despite ongoing initiatives to reduce central 
venous catheter use for hemodialysis such as KDOQI and the 
CMS Fistula First program, the use of catheters has remained 
17-18 % in prevalent hemodialysis patients since 2003 [2]. 
Published data support the use of the internal jugular veins 
as the initial vascular access site for placement of central 
venous catheters for hemodialysis [4, 5]. Prolonged central 
venous catheterization commonly results in endoluminal 
thrombosis, stenosis, or occlusion. Eventual exhaustion of 
venous access options often occurs prior to the availability of 
a surgical vascular access or suitable renal transplant donor. 
In patients with chronic total occlusion of the jugular, sub- 
clavian, and femoral veins, alternative unconventional access 
sites must be explored. This includes use of the inferior vena 
cava (IVC) via the translumbar and transhepatic approaches. 
There are only a small number of studies to date reporting 
on translumbar and transhepatic catheters for hemodialysis 
[3, 6-13]. Nonetheless, familiarity with the patient selection 
and technical considerations of percutaneous translumbar 
and transhepatic venous access for hemodialysis and the 
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management of related complications is requisite for any 
practitioner who cares for the catheter-dependent hemodi- 
alysis patient. 


8.2 Catheter-Based Hemodialysis 

Catheter hemodialysis presents a conundrum—catheters 
provide access that is immediately available, but complica- 
tions of catheter use remain quite high [14]. As per recom- 
mendations of the KDOQI, the ideal hemodialysis access 
permits a flow rate to the dialyzer adequate for the dialysis 
prescription, has a long-use life, and has a low rate of com- 
plications (e.g., infection, thrombosis, stenosis, aneurysm, 
and distal limb ischemia) [15]. Undoubtedly, a surgically 
created arteriovenous fistula provides the most optimal and 
durable fulfillment of these criteria. Although fistulae have 
been shown to have the lowest rate of thrombosis and require 
the fewest interventions [16], an arteriovenous graft is often 
requisite for patients in whom a fistula cannot be created 
because of anatomic or technical limitations. Catheter hemo- 
dialysis remains the least desirable and often the last option 
for patients with end-stage renal disease. In an effort to 
reduce morbidity in the hemodialysis population, KDOQI 
has proposed a limitation of less than 10 % of patients using 
catheters as a primary mode of access [15]. 

Hemodialysis catheters can be defined based on design, 
intent, and duration of use. Acute or short-term catheters 
(three to five dialysis sessions within 1 week) are typically 
non-cuffed and placed such that the catheter tips reside in the 
superior vena cava. On the contrary, long-term catheter sys- 
tems—those intended for vascular access for hemodialysis 
over weeks to months—are cuffed catheters and are fre- 
quently tunneled in the subcutaneous tissues to permit cath- 
eter retention and minimize infectious complications. Such 
catheters should have their tips in the right atrium to permit 
optimal flow. Contemporary hemodialysis catheters are usu- 
ally dual lumen with a tip design that is either stepped (i.e., 
the arterial and venous tips are staggered by 1—2 cm) or split 
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so that the tips are not next to each other [15]. Newer designs 
such as the Tal Palindrome catheter (Covidien, Mansfield, 
Massachusetts) have a symmetric tip design that incorpo- 
rates a spiral separator that allows reversal of the arterial and 
venous lines during hemodialysis with reduced risk of 
recirculation. 

Tunneled cuffed hemodialysis catheters should be 
placed in a vein that is easily accessible using sonographic 
and fluoroscopic guidance. The internal jugular veins are 
generally favored as the initial choice for central venous 
access [5]. The right internal jugular vein is preferable to 
the left because this site offers a more direct route to the 
right atrium. If both of the internal jugular veins become 
occluded, alternative access sites must be explored. Choices 
include the external jugular, subclavian, and femoral veins. 
Unfortunately, the high-rate of venous thrombosis and occlu- 
sion associated with prolonged central venous catheter use 
results in the exhaustion of even these unconventional access 
sites. Elaborate vascular surgical procedures have evolved 
to bypass stenoses with the interposition of prosthetic graft 
material to create a patent arteriovenous circuit that sup- 
ports hemodialysis, but such surgical intervention may 
not always be acceptable or feasible [17]. Unconventional 
approaches to central venous access may be entertained only 
when all other surgical and endovascular options have been 
exhausted. Translumbar and transhepatic cannulation of the 
inferior vena cava, the former first described over 20 years 
ago, reflect two such unconventional approaches into a cen- 
tral vein that have been described in the literature [6-13]. To 
be sure, these sites require considerable technical expertise 
for catheter placement, and maintenance of catheters at these 
sites may be somewhat more problematic. Transhepatic 
guidance of translumbar hemodialysis catheter placement 
has been described in the setting of chronic infrarenal infe- 
rior vena cava occlusion [3], but this technique is technically 
challenging and remains an infrequent method of central 
venous access. Percutaneous puncture of the renal vein via 
the transrenal approach was first described by Murthy et al. 
[18], but widespread use of this technique remains limited 
due to a potentially high risk of bleeding and limited prec- 
edent in the literature. 


8.3 Patient Selection 


8.3.1 Indications 

For those patients in whom translumbar or transhepatic can- 
nulation of the inferior vena cava is contemplated, most 
options for surgical vascular access have been exhausted or 
have become impractical due to thrombosis or chronic total 
occlusion of the central veins. Translumbar or transhepatic 
placement of inferior vena cava catheters has been accepted 
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as the last useful and reliable alternative in patients who 
require long-term hemodialysis but have exhausted all other 
conventional access sites. 


8.3.2 Contraindications 


Similar to more conventional sites of central venous access, 
there are no absolute contraindications to placement of a tun- 
neled cuffed hemodialysis catheter into the central veins via 
the translumbar or transhepatic routes. When more perma- 
nent surgical access options exist (e.g., AV fistulae and 
grafts), the use of catheters as a primary mode of hemodialy- 
sis should be discouraged. Most interventionalists avoid 
placement in patients with uncorrectable coagulopathy, 
active infection, or proven bacteremia. In our institution, 
blood cultures must be negative for at least 24 h prior to con- 
sidering placement of a tunneled hemodialysis catheter. 
Coagulopathy is a relative contraindication to placement of a 
translumbar or transhepatic catheter, and in those patients 
with a bleeding diathesis or those taking systemic anticoagu- 
lants should ideally be corrected prior to catheter insertion. 
Platelet replacement or the administration of fresh frozen 
plasma can be performed if necessary. Available data suggest 
an international normalized ratio (INR) of less than 1.5, and 
a platelet count greater than 50,000/mm? carries less risk of 
bleeding during and after tunneled central venous catheter 
placement [19]. 

Morbid obesity may be considered a relative contrain- 
dication to translumbar placement of tunneled hemodialy- 
sis catheters. Several studies have suggested an increased 
risk of catheter migration out of the inferior vena cava and 
into the subcutaneous soft tissues or retroperitoneum in 
these patients [6, 8, 9]. Patient selection criteria based on 
obesity are very subjective, although truncal obesity is 
considered a more definite risk factor for translumbar 
catheter migration [8]. If a translumbar catheter is placed 
in a child, the performing physician must be aware that 
interval growth may lead to displacement of the catheter 
tip to an extravascular location [20]. Plain radiographs 
may be used to monitor for appropriate positioning of the 
catheter tip over time. 

Infrarenal caval occlusion may result in technical fail- 
ure of the translumbar approach and should be considered 
a relative contraindication to translumbar cannulation of the 
inferior vena cava. In these patients, a transhepatic route 
may provide their final percutaneous access site, although 
it may be complicated by a high rate of catheter thrombo- 
sis (0.18—0.24 per 100 catheter days) [11, 13] and migration 
(14-37.4 %) [11-13]. Ascites is considered a relative contra- 
indication to transhepatic catheter placement. Pre-procedure 
paracentesis may lessen the bleeding risk of the transhepatic 
route, however. 
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8.4 Technique 


8.4.1 Translumbar IVC Catheter Placement 
Easily accessed by direct percutaneous puncture, the inferior 
vena cava provides a durable conduit for central venous 
access. Percutaneous puncture of the inferior vena cava with 
subcutaneous tunneling of a catheter was first described by 
Kenney et al. [21] in 1985 as an alternative means of access 
to the central venous circulation for long-term parenteral 
nutrition. The safety and efficacy of larger, long-term trans- 
lumbar hemodialysis catheters (14 French) was first demon- 
strated by Lund et al. [6] several years later. This group 
detailed insertion of 17 double-lumen hemodialysis catheters 
in 12 adult patients. Cumulative patency was 52 % at 
6 months and 17 % at 12 months [6]. Despite this early data, 
there remain only a small number of studies to date reporting 
on translumbar placement of hemodialysis catheters. 

Placement of translumbar hemodialysis catheters has 
been described in both the pediatric and adult patient popula- 
tions [6—10, 22]. The technique for translumbar hemodialy- 
sis catheter placement is identical for pediatric and adult 
patients, although general anesthesia is used in the pediatric 
population at our institution. At present, there is no support 
in the literature for prophylactic antibiotic administration 
prior to placement of tunneled hemodialysis catheters. This 
is supported by the Centers for Disease Control in a type I-A 
recommendation published in 2002 [23]. Nonetheless, at 
many health-care centers patients still receive intravenous 
antibiotic prophylaxis, usually with a first-generation cepha- 
losporin such as cefazolin. 

Insertion technique may vary depending on the presence 
of preexisting iliofemoral thrombosis or obstruction. When 
the iliofemoral veins are patent but conditions such as a local 
cutaneous infection or systemic neutropenia necessitate an 
alternative approach to tunneled femoral venous access, 
transfemoral placement of a pigtail catheter or guidewire 
into the inferior vena cava has significant utility. The pres- 
ence of an intra-caval catheter or guidewire facilitates subse- 
quent direct inferior vena cava puncture, while minimizing 
potential morbidity from errant needle passes. In such 
instances, the patient is brought to the angiography suite and 
initially placed in the supine position. Ultrasonography is 
used to confirm patency of one or both common femoral 
veins. A suitable groin site is then prepped and draped in the 
usual sterile fashion. Buffered 1 % lidocaine is infiltrated to 
provide local analgesia prior to percutaneous puncture of the 
common femoral vein. Using sonographic guidance, the 
right or left common femoral vein is punctured with a 
21-gauge needle. A 0.018-in. guidewire is passed through the 
access needle into the common femoral vein. Over the guide- 
wire, the needle is exchanged for a coaxial microintroducer 
sheath, which facilitates exchange of the 0.018-in. guidewire 


for a larger 0.035-in. working wire. A 4- or 5-French vascu- 
lar sheath is then advanced over the guidewire into the 
accessed common femoral vein. A guidewire or pigtail flush 
catheter is advanced through the transfemoral access into the 
inferior vena cava to act as the fluoroscopic marker for direct 
percutaneous puncture of the inferior vena cava. A cavogram 
should be performed if the patency of the inferior vena cava 
has not been pre-procedurally evaluated with cross-sectional 
imaging. [20] Once the guidewire or catheter is secured in 
place, the patient is placed in the prone position for puncture 
of the inferior vena cava. 

Percutaneous cannulation of the inferior vena cava is per- 
formed from a right paramedian approach, irrespective of the 
presence or absence of a transfemoral inferior vena cava 
catheter or guidewire. The right flank and anterolateral abdo- 
men are prepped and draped in the usual sterile fashion. 
Local anesthesia is administered immediately superior to the 
right iliac crest, approximately 8—10 cm lateral to the mid- 
line. Using fluoroscopic guidance, a 21-gauge, 15-cm-long 
needle is used to puncture the inferior vena cava by targeting 
the previously placed guidewire or pigtail catheter. If there is 
known obstruction of both iliofemoral veins and a transfem- 
oral fluoroscopic marker cannot be placed, the inferior vena 
cava is directly punctured using bony fluoroscopic land- 
marks for guidance. In this setting, the needle is advanced 
craniomedially, targeting the anterolateral margin of the 
L2-L3 vertebral bodies so as to puncture the inferior vena 
cava just below the renal veins. Intraluminal position is con- 
firmed by free aspiration of blood through the needle. If the 
needle appears to be in the location of the inferior vena cava 
but blood cannot be aspirated, gentle administration of con- 
trast media can help confirm intravascular needle position. 
Contrast administration also excludes unintended entry into 
the renal vein and thereby avoids the potential complications 
of renal vein thrombosis and catheter dysfunction [8]. 
A 0.018-in. platinum-tipped mandril guidewire is then intro- 
duced through the access needle and advanced to the inferior 
cavoatrial junction or right atrium. The needle is exchanged 
for a coaxial transitional sheath (Accustick system, Boston 
Scientific, Natick, Massachusetts), which permits replace- 
ment of the 0.018-in. guidewire with a 0.035-in. guidewire. 
Intravascular catheter length is measured and selected in 
standard fashion. The selected dual-lumen, cuffed hemodi- 
alysis catheter is then tunneled through the subcutaneous tis- 
sues of the right flank and brought out at the initial access 
site, keeping the retention cuff approximately 2 cm from the 
catheter exit site. The tunnel should form a gentle angle with 
respect to the venotomy site, and the catheter exit site should 
be located as far laterally as possible to facilitate improved 
catheter care and patient comfort [20]. Creating a tunnel that 
is too long can make future catheter manipulations through 
the same tunnel difficult, if not impossible. Attention is once 
again directed toward the initial percutaneous access into the 
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inferior vena cava. The transitional dilator is exchanged over 
the guidewire for an appropriately sized peel-away sheath. 
Longer introducer sheaths may be necessary for larger 
patients. Great care should be taken to avoid kinking the 
guidewire as it can hinder intravascular placement of the 
introducer sheath and increase the risk of retroperitoneal 
bleeding. Once the peel-away sheath is placed, the inner 
dilator and guidewire are removed, and the catheter is 
inserted through the sheath in standard fashion. Completion 
radiographs centered on the right hemidiaphragm should 
demonstrate the catheter tip in the right atrium. The catheter 
is sutured in place, and the initial puncture site is closed 
using interrupted sutures or Steri-Strips (3 M, St. Paul, 
Minnesota). Both lumens of the catheter should be heparin- 
ized to minimize the risk of catheter thrombosis. 


8.4.2 Transhepatic Catheter Placement 


In some instances, occlusion of the infrarenal inferior vena 
cava may result in technical failure of the translumbar 
approach for hemodialysis catheter placement. Percutaneous 
transhepatic puncture of a hepatic vein for hemodialysis 
access was first described by Po et al. [24] in a case report in 
1994. Since this time, several retrospective studies have 
sought to verify long-term safety and effectiveness of the 
transhepatic route for central venous access [11-13]. As with 
the translumbar route, placement of transhepatic hemodialy- 
sis catheters has become commonplace in both the pediatric 
and adult patient populations. General anesthesia is used at 
our institution when transhepatic access to the inferior vena 
cava is requisite in a child. 

The technique for transhepatic cannulation of the inferior 
vena cava is rather straightforward and requires fewer steps 
than the translumbar route. As with translumbar placement 
of hemodialysis catheters, antibiotic prophylaxis is contro- 
versial and not universally practiced [23]. Pre-procedure 
ultrasonography of the right upper quadrant is performed to 
identify a patent middle or right hepatic vein (Fig. 8.1). The 
right upper quadrant is prepped and draped in the usual ster- 
ile fashion. Buffered 1 % lidocaine is administered for local 
analgesia taking special care to anesthetize the superficial 
and deep soft tissues including the liver capsule. Using ultra- 
sound guidance, a 21-gauge, 15-cm-long needle is advanced 
into the middle or right hepatic vein from an anterior subcos- 
tal or midaxillary intercostal approach (Fig. 8.2a). The sub- 
costal approach may help to limit future catheter migration 
[12]. Transhepatic cannulation of a hepatic vein is preferred 
over direct inferior vena cava puncture because it permits a 
longer intravascular tract and decreases the chance of migra- 
tion out of the vessel [11]. A 0.018-in. platinum-tipped man- 
dril guidewire is then advanced through the needle and into 
the right atrium. Intravascular catheter length is measured 


JW. Pinchot 


Fig. 8.1 Pre-procedure transverse color Doppler image shows planned 
route of transhepatic puncture into the middle hepatic vein 


and selected in standard fashion. The initial access needle is 
exchanged over the guidewire for a coaxial transitional 
sheath (Accustick system, Boston Scientific, Natick, 
Massachusetts), which permits replacement of the 0.018-in. 
guidewire with a 0.035-in. guidewire (Fig. 8.2b). In obese 
patients or in those with cirrhosis, a stiff guidewire may be 
necessary to facilitate transhepatic passage of the peel-away 
sheath. 

Additional local anesthesia is administered inferior and 
lateral to the venous entry site, and a subcutaneous tunnel 
is fashioned. The hemodialysis catheter is pulled through 
the tunnel and brought out at the initial venous entry site. 
Over the guidewire, the transitional dilator is exchanged 
for an appropriately sized peel-away sheath, which is 
advanced into the hepatic vein. Once the sheath is in place, 
the inner dilator and guidewire are removed, and the cath- 
eter is introduced through the sheath and into the central 
venous circulation (Fig. 8.2c). Some interventionalists opt 
to keep a stiff hydrophilic guidewire in place and then 
advance the catheter through the sheath and over the guide- 
wire into the hepatic vein until the tip lies within the right 
atrium [20]. Both catheter ports are flushed, heparinized, 
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Fig. 8.2 Images of a 45-year-old female with end-stage renal disease 
in whom transhepatic dialysis catheter placement was pursued because 
she had no remaining peripheral access sites. (a) Frontal view of the 
abdomen. A 21-gauge needle (open arrow) has been used to puncture 
the appropriate hepatic vein. Of note, the venous outflow component of 
a failed HeRO vascular access device (Hemosphere, Inc., Eden Prairie, 
Minnesota) is seen within the inferior vena cava (arrowhead). 
(b) A coaxial transitional sheath (arrow) has been placed over a guide- 
wire into the central hepatic vein near the confluence with the inferior 
vena cava. (c) Dual-lumen hemodialysis catheter has been placed with 
the tip in the right atrium just beyond the inferior cavoatrial junction 
(arrowhead) 
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and secured. The initial venous access site is closed using 
interrupted sutures or Steri-Strips (3 M, St. Paul, 
Minnesota). 


8.5 Complications 


Complications of translumbar and transhepatic placement of 
hemodialysis catheters can be divided into two groups: early 
(periprocedural) and late. Early complications occur at the 
time of or immediately following catheter placement and 
include failure to gain access, guidewire- or catheter-induced 
atrial or ventricular dysrhythmia, bleeding, air embolism, 
and catheter malposition or kinking. Acute bleeding follow- 
ing translumbar puncture of the inferior vena cava is quite 
rare in the setting of acceptable coagulation parameters 
(INR < 1.5, platelet count >50,000/mm+). Rates of air embo- 
lism have decreased dramatically with the introduction of 
valved introducer sheaths several years ago. Most of the 
other aforementioned immediate complications are avoided 
with meticulous technique and imaging guidance. 

Late complications of translumbar and transhepatic 
hemodialysis catheters may occur days to months following 
placement (Table 8.1). One such late complication unique 
to translumbar hemodialysis catheter placement is sponta- 
neous migration and dislodgement resulting in bleeding. 
Translumbar catheter migration has been noted to be most 
common in obese patients, particularly in those with excess 
adipose tissue concentrated in the truncal area [8, 9]. In 
such patients, catheter migration or dislodgement out of the 
inferior vena cava can result in retroperitoneal hemorrhage. 
According to Biswal et al. [8], bleeding in the form of ret- 
roperitoneal hemorrhage has been demonstrated as a com- 
mon occurrence in several studies. If a translumbar dialysis 
catheter appears to have migrated on routine or surveillance 
radiographs, it should be exchanged for a new catheter over 
a guidewire to facilitate proper placement. 

Catheter thrombosis and fibrin sheath formation are late 
complications common to both translumbar and transhe- 
patic hemodialysis catheter placements. Catheter thrombo- 
sis may be treated with outpatient thrombolysis performed 
through the catheter over 30 min to 1 h. If pharmacologic 
thrombolysis is unsuccessful, catheter exchange may be per- 
formed over a guidewire, thereby maintaining the original 
access site. Catheter thrombosis rates may be lowered by 
consistent use of heparin after each hemodialysis session 
and at the conclusion of placement and exchanges to reduce 
the risk of intra-catheter thrombosis. Fibrin sheath forma- 
tion is quite common with chronic indwelling catheters and 
commonly manifests as catheter dysfunction with impaired 
ability to aspirate blood despite appropriate catheter tip posi- 
tion on a radiograph. Pharmacologic fibrinolysis and cath- 
eter exchange over a guidewire are often the only ways to 
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Table 8.1 Study comparison — translumbar dialysis catheter placement 


Power et al. [10] 


No. patients 26 (11 M, 15 F) 


Age (years) 61.9412.1 37.0411.9 
Total catheters 39 29 

Total follow-up 15,864 days 3,510 days 
Mean catheter duration in situ — 

Patients with retroperitoneal 2 1 


hemorrhage 

Infection rate 2.84 per 1,000 catheter-days 
0.82 per 1,000 catheter-days — 
2.01 per 1,000 catheter-days — 


0.63 per 1,000 catheter days 


Catheter-related bacteremia 
Exit-site infection 


Catheter thrombosis requiring 
lysis 


rid a translumbar or transhepatic catheter of a fibrin sheath, 
as transjugular access for fibrin sheath stripping with a loop 
snare is often not feasible due to supracardiac central venous 
occlusion. 

Additional late complications of translumbar and tran- 
shepatic cannulation of the central veins include infection 
(Table 8.1) and nonocclusive or occlusive thrombosis of the 
central veins. Infection can involve the exit site, the subcuta- 
neous tunnel, or the bloodstream. Exit site and subcutaneous 
tunnel infections are typically caused by skin flora with direct 
extension from the adjacent skin. Staphylococcus epidermi- 
dis is the most common organism. In three large retrospec- 
tive studies detailing experience with transhepatic dialysis 
catheter placement [11-13], authors noted an infection rate 
of 0.22—0.24 per 100 catheter days. Unfortunately, infection 
necessitated catheter removal in nearly all patients because 
the catheter was presumed to be the nidus of infection 

Hepatic tract embolization after elective removal of tran- 
shepatic catheters is controversial and to date is a subject that 
has not achieved consensus on an appropriate course of 
action [13]. Stavropoulos et al. [11] routinely performed 
tract embolization with Gelfoam pledgets (Upjohn 
Pharmacia, Kalamazoo, Michigan). On the contrary, Smith 
et al. [12] and Younes et al. [13] did not perform hepatic tract 
embolization after removal of transhepatic catheters, and 
neither study noted any associated bleeding complications. 


Conclusion 

Despite ongoing initiatives to reduce catheter use for 
hemodialysis, a large number of end-stage renal disease 
patients continue to utilize catheters as a primary mode of 
access for treatment. Prolonged catheter use eventually 
leads to the exhaustion of conventional modes of central 
venous access. The translumbar and transhepatic routes of 
access require expert technical skill and close surveil- 
lance to maintain patency, but each remains an invaluable 
tool in the armamentarium for interventionalists treating 
patients that require chronic central venous access for 


Bennett et al. [7] 
22 (10M, 12 F) 


121 days (14-536) 


2.80 per 1,000 catheter days — 


Biswal et al. [9] Lund et al. [6] 


10 (6 M, 4 F) 12 
59+14.2 - 
10 17 
2,252 days E 


250 days (30-530) — 
1 = 


2.80 per 1,000 catheter days 
E 1.40 per 1,000 catheter days 


330 per 1,000 catheter days 


hemodialysis. Translumbar and transhepatic hemodialy- 
sis catheters each have proven long-term functionality 
and provide remarkably durable access in patients who 
have otherwise exhausted all access options. 
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Approach to a Nonfunctioning 


Catheter 


Roman Shingarev and Alexander S. Yevzlin 


9.1 Introduction 

Despite substantial efforts by nephrology community to 
reduce utilization of dialysis catheters, majority of end-stage 
renal disease (ESRD) patients in the USA initiate hemodialy- 
sis (HD) with a tunneled dialysis catheter (TDC) with approx- 
imately one-quarter of them remaining catheter-dependent 
thereafter [1]. TDCs are associated with decreased patient 
survival [2], as well as multiple complications, such as cen- 
tral venous stenosis [3, 4], infection [5, 6], and thrombosis 
[7]. In many cases, these lead to catheter dysfunction defined 
by KDOQI as “failure to attain and maintain an extracor- 
poreal blood flow of 300 mL/min or greater at a prepump 
arterial pressure more negative than —250 mmHg” [8]. 
Besides increases in arterial and venous pressures registered 
by dialyzer that necessitate decrease in blood flow, catheter 
dysfunction can result in significant recirculation leading to 
lower Kt/V. Left untreated, such catheters require premature 
removal when they become nonfunctional (i.e., with one or 
both lumens that cannot be aspirated) [9]. To detect catheter 
dysfunction early, KDOQI recommends monitoring the ratio 
of dialyzer blood flow rate divided by the prepump arterial 
limb pressure (normal is greater than 1.2) and the trends in 
changes of catheter blood flow rates. 

TDC dysfunction is usually viewed as presenting early 
or late, which helps determining etiology of the problem 
and guides subsequent management. Dysfunction noted 
immediately after the catheter placement is likely due to the 
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positioning of the catheter, preexisting vascular abnormali- 
ties (e.g., central venous stenosis) (Fig. 9.1), or mechanical 
damage to the catheter (e.g., tight suture or perforation). 
Dysfunction developing after successful initial use is usu- 
ally due to thrombosis, fibrin sheath formation around the 
catheter, mural thrombus adhering to the catheter tip, or new 
central venous stenosis. 


9.2 Initial Evaluation and Treatment 

Catheter dysfunction is usually detected at a dialysis unit 
where several steps can be taken to evaluate and resolve the 
problem. Improvement of blood flows after patient reposi- 
tioning is indicative of catheter tip malposition. Reversal of 
inlet and outlet lumens may overcome the ball valve effect 
of the fibrin sheath or a vessel wall in direct contact with one 
of the catheter tips. Dialysis equipment should be assessed 


Fig.9.1 Central vein stenosis 
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for malfunction leading to activation of pressure alarms. 
Examples of equipment problems include line kinking, 
dialyzer pump failure, and dialyzer clotting. Instillation of 
a thrombolytic agent in TDC lumens for | h to up to 24h 
is usually performed when intraluminal stenosis is sus- 
pected. Endoluminal fibrin analysis system (FAS) brush 


has been employed in attempt to improve catheter flows by 
few dialysis centers; however, only one small study sought 
to evaluate its effectiveness reporting positive results [10]. 
Figure 9.2 suggests a diagnostic and therapeutic algorithm 
for general nephrologists and dialysis unit staff to follow 
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when catheter dysfunction is present. 


Catheter flow less than expected/prescribed (<300 mL/min) with prepump 
pressure more negative than -250 mm Hg, gradual decline in kT/V or uremia 


tPA instillation 


ge ee 


Blood flow remains poor 


| 


Sufficient blood flow restored 


Chest radiograph in the interventional suite 


Appropriate catheter position 


catheter malposition 


— 


Repostion or exchange the 


catheter 


Early dysfunction Late dysfunction 
> Catheter kink | > Remove tight ls Suspected fibrin sheath or 
sutures, dissect thrombus 
subcutaneous tissue 
T 
No abnormalities |>| Exchange catheter —- Angiogram 
Lp | on exam or 
radiograph 
SSS SSS 
Sufficient blood flow restored Blood flow remains poor 
M 
CVS detected Fibrin sheath detected No abnormalities 
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Fig.9.2 Diagnostic and therapeutic algorithm for catheter dysfunction 
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9 Approach to a Nonfunctioning Catheter 


9.3 Diagnostic Evaluation 


in an Interventional Suite 


If adequate blood flows cannot be reestablished at the dial- 
ysis unit, referral to the interventional suite is indicated. 
There, a physical examination of the malfunctioning cath- 
eter should be performed as the first step in evaluation and 
should include aspiration of luminal contents, assessment 
for kinks, integrity, and tunnel infection of the TDC. Next, 
a radiograph should be obtained to evaluate the catheter 
positioning. This may reveal a kink in the catheter, a cath- 
eter tip that migrated into the superior vena cava (SVC) 
or even into either of the brachiocephalic veins. The latter 
may happen in obese patients, whose cuff-to-vein catheter 
length may increase considerably with movement, thereby 
shortening the intravascular catheter length due to immoy- 
able subcutaneous cuff position. A curved caudal portion of 
the catheter or a doughnut (“down the barrel”) appearance of 
the edge of the catheter’s tip is indicative of azygos vein can- 
nulation. Location of the distal portion of the catheter in the 
midsternal or left parasternal region should raise a suspicion 
of intra-aortic placement of the catheter. A lateral radiograph 
showing the catheter projecting toward anterior mediastinum 
may further strengthen this suspicion [11, 12]. 

If there is a suspicion for a pericatheter thrombus or fibrin 
sheath, angiogram can be performed by slowly injecting 
10-15 ml of contrast by hand through each catheter port. In 
presence of a fibrin sheath, the contrast will outline the 
sheath flowing retrograde from the catheter tip (Fig. 9.3). 
Antegrade contrast flow may also demonstrate a pericatheter 


Fig. 9.3 Thrombus at the catheter tip 
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Right 


Fig. 9.4 Fibrin sheath 


filling defect consistent with a mural thrombus [13]. 
Alternatively, the catheter may be retracted over an Amplatz 
wire to position its tip in the internal jugular vein. In this 
case, the contrast flows antegrade clearly outlining the lumen 
of the fibrin sheath (Fig. 9.4) [14]. 


9.4 Interventions Directed at Specific 
Causes of Catheter Dysfunction 
9.4.1 Catheter Damage 


If a catheter wall integrity is compromised anywhere along 
its extravascular portion, either as a result of a manufacturing 
defect or an operator’s mistake, the patient may present with 
either persistent bleeding from the tunnel or symptoms of air 
embolism [15, 16]. Diagnostic test of choice in this case is a 
catheterogram that can be performed by hand-injecting 10 cc 
of contrast into each catheter lumen. Extravasation of con- 
trast confirms the diagnosis necessitating exchange of the 
malfunctioning catheter for a new one. 


9.4.2 Catheter Kinking 


The initial radiograph taken in the IR suite may immediately 
expose a problem such as a catheter kink. Kinking occurs 
either as a result of a “high stick,” when the entry in the inter- 
nal jugular vein was made high above the clavicle in the neck 
forcing the catheter to take a sharp turn from the tunnel and 
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into the vein or when the catheter gets caught in the insuffi- 
ciently dissected subcutaneous tissue at the neck incision site 
after it has been inserted in the vein through the split sheath 
or over the wire. In the first scenario, the existing TDC has to 
be removed and a new one has to be placed lower in the inter- 
nal jugular vein after sufficient hemostasis has been achieved. 
In the second scenario, an Amplatz wire placed in the IVC 
through one of the lumens may be used to stabilize the cath- 
eter. Next, an incision in the skin overlying the kink is made 
with care taken not to nick the catheter, and a blunt-tip hemo- 
stat is used to dissect the tissue underneath the kink. Moving 
the catheter back and forth over the wire while applying 
pressure to the catheter bend usually allows the operator to 
eliminate the kink. 


9.4.3 Tip Malposition 


Due to complex anatomy of the thoracic veins, catheter mal- 
position is common [17]. In the settings of SVC stenosis 
(itself common in HD patients) and venous aberrations that 
follow, such as dilatation of the azygos vein, the likelihood 
of incorrect catheter positioning is even higher [18]. Even if 
initially appropriately positioned, catheters have been 
described to migrate spontaneously, most commonly in the 
contralateral innominate vein generating an array of compli- 
cations [11, 19]. TDC dysfunction in these cases is due to 
direct contact of the catheter tip or its side holes with the 
vessel wall causing obstruction of blood flow. A TDC placed 
through the left internal jugular vein may induce thrombus 
formation even if its tip only moves up into the upper portion 
of the SVC [20], because of the 90° turn the catheter has to 
take from the left brachiocephalic vein into the SVC. If the 
catheter length is too short, its tip will be sticking against the 
right lateral wall of the SVC irritating endothelium. 

If the TDC is found to be malpositioned within the first 
week of its placement, attempts can be made to advance 
it into the lower portion of the SVC over an Amplatz wire 
placed through one or both catheter lumens. Older TDCs 
will have fibrous tissue formed around the cuff necessitating 
subcutaneous dissection and subsequent exchange for a new 
TDC. An operator may choose to advance the new TDC fur- 
ther into the SVC to minimize the future catheter migration; 
however, observations from a small patient series reported by 
Haygood et al. [11] suggest this strategy does not necessarily 
change the outcomes. Nevertheless, this option may still be 
appropriate for TDCs with split-tip design, as its tips are pre- 
formed to separate at an angle making it more likely for the 
shorter tip to end up in an inappropriate position. Because 
of that, some experts recommend placing the tips of a split- 
tip catheter in the right atrium [21]. This recommendation 
is somewhat controversial, as there are reports of higher 
incidence of atrial thrombi, vessel wall perforation leading 
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to cardiac tamponade, and cardiac arrhythmias [22, 23], 
associated with atrial positioning of a catheter. Supporting 
evidence, however, is rather insufficient to advice against 
such practice. If the TDC is to be exchanged, an operator 
may also consider changing a split-tip catheter for a step- 
tipped one, which should theoretically lower the chances of 
tip migration. 


9.4.4 Catheter Thrombosis 


Intraluminal thrombosis remains the most common cause of 
TDC dysfunction despite routine use of anticoagulant lock- 
ing solutions [24, 25]. After the initial evaluation ruling out a 
positional or mechanical problem, instillation of a thrombo- 
lytic agent is recommended. Several drugs, such as urokinase 
and streptokinase, have been used in the past, but of drugs 
currently available on the market only two — alteplase and 
reteplase — have been used for TDC thrombosis. Reteplase 
has been purported to have superior clot penetration [26]; it 
is rather cumbersome to use requiring frozen storage and ali- 
quoting individual doses [27]. Therefore, use of alteplase or 
tPA is more common in clinical practice. The dose of 2 mg 
per lumen is usually instilled for about an hour; however, if 
blood flow is not restored, the alteplase is aspirated from the 
lumens and another dose may be instilled for longer duration 
(usually 10-24 h), although evidence exists that prolonged 
dwell time may not influence subsequent rates of TDC 
patency [28]. In general, treatment of intraluminal thrombo- 
sis with thrombolytics is associated with 70-88 % immediate 
success rate of restoring adequate blood flow [28-32]. At 
2 weeks following instillation of thrombolytics only half of 
the TDCs remain patent [28]. These unsatisfactory patency 
rates are likely explained by the fact that catheter dysfunction 
in many patients included in these studies was due to thrombi 
extending outside of the catheter lumen or fibrin sheath that 
require a more intensive therapy than described above. 

As described above, a FAS brush can be employed in the 
interventional suite in attempt to mechanically remove an 
intraluminal thrombus; however, the outcome and complica- 
tion data are limited to a small trial reported by Tranter et al. 
[10]. The immediate success rate of 73 % and 6-week 
patency of 50 % are comparable to those of thrombolytic 
use, and it is unclear if this novel strategy can improve out- 
comes if used in combination with thrombolytic therapy. 


9.4.5 Fibrin Sheath 


Recurring use of thrombolytics should in itself raise suspi- 
cion for the presence of fibrin sheath around the catheter 
(Fig. 9.4) [33] — a problem affecting 40-100 % of central 
venous catheters [34-36]. While thrombolytic therapy was 
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demonstrated to have immediate success rate of 91 %, 
2-month patency was, expectedly, quite low at around 36 % 
[37]. Subsequently, four other strategies for restoration of 
catheter patency have been evaluated. Those included TDC 
exchange, percutaneous fibrin sheath stripping (PFSS), 
angioplasty disruption, and internal snare maneuver. In one 
study, patency rates were shown to be superior with catheter 
exchange compared to PFSS at 4 months [14] and in another 
one, PFSS did not improve catheter patency rates when com- 
pared to urokinase over 45 days following the procedure 
[13]. Yet another study showed no differences in immediate 
or long-term (6 months) outcomes following TDC exchange, 
PFSS, and angioplasty disruption [38]. Most recently, Oliver 
et al. [34] demonstrated significantly improved median times 
to recurrent TDC dysfunction associated with angioplasty 
disruption followed by TDC exchange compared to TD 
exchange alone (373 days versus 97.5 days, p=0.22). Based 
on these findings and procedure cost analysis, current 
KDOQI guidelines currently recommend the latter strategy 
for treatment of TDC-associated fibrin sheaths. A novel tech- 
nique of fibrin sheath removal by an “internal snare” has 
been described in 2007 and has not been compared head-to- 
head with other fibrin sheath disruption procedures. Authors, 
however, report 100 % immediate success and 100 % patency 
rate at a mean follow-up of 17 weeks [39]. Below is the brief 
description of these procedures. 


TDC Exchange 

One or two Amplatz wires are placed in the IVC under fluo- 
roscopic guidance. Subcutaneous tissue around the cuff is 
dissected under local anesthesia with a hemostat and the 
indwelling TDC is retracted over the wires that are then ster- 
ilized. A new TDC is then inserted through the existing tun- 
nel over the wires into the appropriate position. 


Percutaneous Fibrin Sheath Stripping 

A standard 6-French sheath is placed in the femoral (usually 
right) vein and a diagnostic angiographic catheter is advanced 
into the SVC over a guide wire. Next, the guide wire is 
exchanged for a 25 or 35-mm diameter nitinol loop snare, 
which is then engaged and advanced cranially to encircle the 
catheter. An Amplatz wire placed in the IVC through one of 
the TDC lumens may facilitate this maneuver. After the snare 
device reaches the catheter insertion site in the internal jugu- 
lar vein, it should be tightened and retracted all the way out 
to manually clean it thereby minimizing the risk of distal 
embolization of fibrin. Contrast can be injected through the 
catheter to evaluate the outcome of this procedure. 


Angioplasty Disruption 

The indwelling TDC needs to be retracted over two Amplatz 
wires as described in the “TDC Exchange” section above. 
A long (20 cm) 7-French sheath is then advanced over one of 
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the Amplatz wires into the SVC and a 12-mm balloon is 
inserted through the sheath and inflated several times along 
the fibrin sheath tract. To maximize the fibrin sheath disrup- 
tion, the balloon may be moved back and forth in the SVC 
while inflated. Post-procedure angiography should be per- 
formed to ascertain success of the procedure. 


Internal Snare 

A 0.089 mm nitinol Terumo wire is folded in the middle to 
form a U-shaped loop and advanced through each TDC 
lumen under fluoroscopic guidance until the loop emerges 
from the catheter tip. Moving the loop back and forth around 
the tip of the catheter disrupts the fibrin sheath overlying the 
distal and proximal ports and restores the catheter flow. 


9.4.6 Central Vein Stenosis 


Stenosis of the brachiocephalic vein or SVC does not affect 
the TDC function as long as its tip remains outside the ste- 
notic segment, not in direct contact with the vessel wall 
(Fig. 9.5). If patient develops SVC syndrome, however, the 
catheter has to be relocated. In the settings of SVC stenosis, 
the usual choice is either femoral vein. In many patients 
with long history of vascular access problems, internal jugu- 
lar and femoral veins may become inaccessible, either due 
to stenosis (Fig. 9.6) or venous stents placed in arteriove- 
nous thigh grafts. Uncommon approaches to cannulation of 
these patients have been described, including translumbar 


Fig.9.5 SVC stenosis in the presence of catheter with blood draining 
via the azygos vein 
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Fig.9.6 Right internal jugular vein stenosis 


approach [40, 41] or transhepatic approach [42, 43]. 
Decision to undertake one approach or the other should be 
based on an individual patient’s anatomy and an operator 
experience with these procedures. 
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Laura Maursetter 


10.1 Introduction 


Vascular access is a continuous challenge for any patient 
receiving either acute or chronic hemodialysis (HD). The 
type of access used and its maintenance can impact the out- 
come of the patient. It is imperative that the practicing 
nephrologist knows how to deal with complications of vas- 
cular access including infections. This chapter will focus on 
the approach to a patient with an infected catheter. 


10.2 Background 


Use of central venous catheters (CVC) is essential to the 
practice of critical care medicine with more than seven mil- 
lion sold annually in the USA [1]. A life-threatening compli- 
cation of CVC is a bloodstream infection. Approximately 
80,000 episodes of catheter-related bloodstream infections 
(CRBSJD occur in the USA annually at a cost of approxi- 
mately $25,000-$45,000 per episode [1, 2]. Serious compli- 
cations of this illness can occur in as many as 44 % of 
bacteremic episodes making optimal treatment imperative. 
Serious complications include endocarditis, osteomyelitis, 
thrombophlebitis, septic arthritis, epidural abscess, and death 
[3]. These data are not specific to the HD population, but 
CVC are essential to many patients who require dialysis 
making management of the infected catheters an important 
topic for nephrologists. 

Over the last decade there has been a push to place fistulas 
earlier in chronic kidney disease patients. This was started 
because the United States Renal Data System (USRDS) 
showed that patients using a catheter were four times more 
likely to get an infection than those using a graft and eight 
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times more likely than those using a fistula [4]. The Fistula 
First initiative has decreased the number of chronic kidney 
disease patients who initiate HD with a catheter, but more than 
65 % of US patients will still have their first HD session using 
a catheter. This is compared to 14 % who use arterial-venous 
fistulas [5]. With 116,395 incident cases of end-stage renal 
disease in 2009, this means more than 75,000 patients experi- 
enced catheter use at the start of their dialysis careers [5]. 
Many HD patients are rapidly transitioned to other means 
of venous access, but the increased risk associated with cath- 
eters is imposed on the majority of end-stage renal disease 
(ESRD) patients at dialysis initiation. The use of CVC as an 
option for permanent hemodialysis access began in the mid- 
1980s. Current first-year infection-related mortality is 2.4 
times higher than it was in 1981, much of which has been 
attributed to CVC use [3, 5]. In addition, when comparing 
total cost of a patient receiving dialysis through an arterial- 
venous fistula, those with a catheter have a 25 % higher cost, 
mostly attributed to catheter-related infection costs [5]. The 
increased mortality from catheter use heightens the already 
elevated mortality rate for this high-risk population [6]. It is 
imperative that the dialysis care team works to prevent, sus- 
pect, manage, and treat infections related to catheters appro- 
priately as patient outcomes depend on this practice. 


10.3 Risk Factors for Infection 


Before an infection can be diagnosed, it needs to be sus- 
pected. Risk factors have been identified that increase the 
possibility of an infection. These include recent or prolonged 
hospitalization, poor patient hygiene, prior catheter-related 
infection, inadequate dialysis, low albumin levels, diabetes, 
hypertension, and longer duration of catheter use [1, 3, 7—9]. 
A review of 96 studies was conducted to highlight common 
risk factors present for all CVC-related infections. The lead- 
ing events that increased risk for catheter-related infections 
include insertion without maximal sterile barriers (relative 
risk 2.1), placement of a catheter via guidewire exchange 
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into an old site (relative risk 2), heavy cutaneous coloniza- 
tion of the insertions site (relative risk 5.5), contamination of 
the catheter hub, and duration of the catheter for more than 
7 days (relative risk 2) [1]. Guidelines to decrease or elimi- 
nate these risk factors have been published and are available 
for review [10]. 


10.3.1 Mechanisms of Infection 

Catheter-related bloodstream infections (CRBSI) can occur 
by three main mechanisms. Organisms that are present on 
the skin can gain entry through the exit site of a newly placed 
catheter. This can occur at the time of initial placement or, in 
the case of tunneled line placement, before the subcutaneous 
tunnel has had time to endothelialize. The organism can 
enter at the catheter exit site and migrate down the path of 
the catheter on its external surface where it can either colo- 
nize the tissue, device, or eventually make it to the blood- 
stream to be hematogenously spread during hemodialysis 
[1, 11, 12]. The second mechanism of infection occurs when 
there is contamination of the catheter hub, usually by contact 
with patient’s skin or clothing or from health-care workers’ 
hands when accessing the catheter. This leads to intraluminal 
colonization of the catheter and is spread during high blood 
flows during hemodialysis [12]. Lastly, infections elsewhere 
in the body can hematogenously seed the catheter as it sits in 
its venous environment [2]. 

As quickly as 24 h after insertion, a fibrin sheath can 
form around the catheter as it occupies its position in the 
vein [13]. Fibrin can cause difficulty with catheter blood 
flow but can also promote biofilm formation and be a nidus 
for infection [14]. The layer of glycomatrix that makes up 
the fibrin sheath can protect against the effects of antibiotics 
on the organisms hiding in its layers making clearance with 
antimicrobial therapy difficult [3]. The biofilm that adheres 
to the catheter does not universally have colonization of 
bacteria as was previously believed. This was confirmed by 
scanning electron microscopy, therefore prevention of colo- 
nization may be useful [13]. 


10.3.2 Suspecting an Infection 


Due to an immunocompromised state, patients requiring 
dialysis may not present with common signs and symptoms 
of bacteremia, and surveillance cultures are an ineffective 
way of monitoring for infection [7]. Al-Solaiman et al. 
investigated the rate of infection and associated symptoms 
in catheter-dependent HD patients. The study followed 172 
catheter-dependent patients over a 1.5-year period of time 
and found the rate of infection was 4.6 infections per 1,000 


L. Maursetter 


catheter days [15]. This was similar to published data that 
cited rates from 0.6 to 6.5 episodes per 1,000 catheter days 
[3]. The most common symptoms leading to assessment for 
infection were fever, rigors, altered mentation, change in 
exit-site appearance, and unexplained hypotension. Only 
47 % of catheter-related bacterial infections presented with 
fever. In fact, symptoms were evenly distributed between 
fevers alone, fever and rigors, and rigors alone but as many 
as 20 % had none of these findings [15]. Therefore, a wide 
array of symptoms should raise suspicion for catheter- 
related infection and fever is not a defining criterion 
(Fig. 10.1). 

As the exit site is one of the portals of entry that can lead 
to catheter-related bacteremia, it is important to do a careful 
examination whenever there is a change appearance or 
symptoms are noted. Manipulation of the catheter through 
daily wear and tear can cause increased erythema, but any 
drainage, tenderness, or associated fevers should be care- 
fully monitored. 


10.3.3 Diagnosis of Suspected Catheter- 
Related Bloodstream Infection (CRBSI) 


Once symptoms suggest that infection is present, blood cul- 
tures should be drawn from the catheter and a peripheral site 
simultaneously. It is important that diligent skin and catheter 
hub antiseptic practices are followed prior to taking the cul- 
ture and that the same volume of blood is obtained per cul- 
ture bottle to have an accurate and comparable measure. If 
the catheter happens to be immediately removed, the tip 
should be sent for culture as well [7] (Fig. 10.1). 

Two different cultures are done to help differentiate 
between the infection coming from the catheter and an alter- 
native source. A definitive diagnosis of CRBSI can be made 
if the same organism is identified from a peripheral culture 
and the catheter tip. Alternative means of diagnosis includes 
a quantitative blood culture from the catheter hub that shows 
a colony count three-fold greater than a culture from the 
peripheral vein. The same criteria can be used for cultures 
taken from two different catheter lumens. Lastly, differen- 
tial time to positivity can assist in diagnosis if the catheter 
lumen turning positive a minimum of 2 h before the alterna- 
tive culture [7]. If physical examination reveals drainage at 
the exit site of the catheter during examination, it should be 
cultured. The diagnosis of catheter-related infection is 
strengthened if the same organism is found at both sites 
[3, 7, 16] (Fig. 10.1). 

Given the unique venous access challenges posed by HD 
patients, attempts to obtain peripheral cultures from veins 
that may be used for future vascular access should be 
avoided. The Infectious Disease Society of America (ISDA), 
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prior to removal 
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sources 


XN 
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and peripheral site (or blood | — Negative Cultures 


line) Stop Antibiotics 


e Culture exti-site exudate if 
applicable 
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Empiric Antibiotics with 
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Gram positive coverage : Vancomycin 
+/-Gram Negative Coverage 
Consider broadening for high risk: neuto- 


| 


Culture Identification 
Determine catheter management 
Narrow the antimicrobial spectrum : 
Choose antibiotic dosed after dialysis bacteremia or fevers after 48 
Reculture after 2-3 days to determine hours of appropriate antibiotics 
length of treatment e Assess for metastatic infection 
and remove catheter if present 


| i | 


Persistent Bacteremia/Fever 
Metastatic Infection 


e Remove catheter if persistent 


Coagulase Negative Gram Negative Bacilli Staphylococcus Aureus Candida Albicans 
Staphylococcus Antibiotic lock Remove Catheter Remove Catheter 
Consider need to reculture or Antibiotic 2-3 weeks if Therapy 14 days after first 
Antibiotic lock or Guidewire exchange TEE is negative. negative culture 
Guidewire exchange Antibiotic 10-14 days Antibiotic 4—6 weeks if 

Antibiotic 10-14 days TEE is positive 


Fig. 10.1 Approach to tunneled catheter-related infection (Information adapted from ISDA Guidelines 2009 and ERA-EDTA of 2010. TEE: 
Transesophageal echocardiography) 


the European Renal Association-European Dialysis and from the CVC and a second set from the bloodline connected 
Transplantation Association (ERA-EDTA) have accepted an to the catheter after HD is started [3, 7, 16]. The high blood 
alternative approach to diagnosis of CRBSI in these patients. flows necessary for HD makes this sample similar to a 
If peripheral cultures are not available, cultures can be taken peripheral assessment. 
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10.4 Management of Confirmed 
Infections 

10.4.1 Catheter Management 


Catheter lock, removal, or guidewire exchange needs to be 
a part of the treatment plan for CRBSI as there is a high 
incidence of treatment failure with systemic antibiotics alone 
[17-19]. Prompt removal of the catheter in any patient with 
severe sepsis is necessary. In patients who have persistent 
bacteremia after 48-72 h of appropriate antibiotic therapy, 
thrombophlebitis, endocarditis, or the presence of any meta- 
static infection also require catheter removal [17, 20]. Some 
organisms have been shown to have a high incidence of 
relapse when these devices are retained. Therefore removal 
is recommended if Staphylococcus aureus, Pseudomonas 
aeruginosa, fungi, or mycobacteria are identified [7]. The 
timing of reinsertion of permanent or temporary access 
for hemodialysis after removal is important to manage- 
ment of infections. Insertion can be considered after the 
patient has been afebrile for 48—72 h, has normalization of 
C-reactive protein, and has negative blood cultures [7, 16]. 
If these parameters are not met and hemodialysis is neces- 
sary, a single-use catheter may be placed, but the risk and 
benefits must be balanced prior to removal [16]. Short-term 
catheters should be removed if CRBSI is found to be due 
to gram-negative bacilli, S. aureus, enterococci, fungi, and 
mycobacteria [7]. 

At times, there are HD patients who have absolutely no 
alternative sites for vascular access placement. In these situa- 
tions, it is reasonable to consider either guidewire exchange 
with an antimicrobial catheter and/or systemic antibiotics with 
antibiotic lock when any infection occurs [7]. Many studies 
have been conducted concerning techniques to preserve the 
current location of the catheter. These evaluated removal of 
the catheter with delayed replacement, exchanging the cathe- 
ter over a wire or preservation of the present catheter with use 
of antibiotic locks in addition to systemic antibiotic adminis- 
tration. The studies are difficult to compare because different 
end points were used, but it was clearly evident that removal of 
the catheter was the best way to eradicate the organism. The 
small success seen with salvage techniques is overshadowed 
by a failure rate of at least 65 %, and a cost was at least twice 
as high as other management methods [17]. 

Current recommendations by the ISDA suggest catheter 
salvage can be tried using antibiotic lock and systemic anti- 
biotics for uncomplicated infections by organisms other than 
S. aureus, P. aeruginosa, Bacillus species, Micrococcus spe- 
cies, propionibacteria, fungi, or mycobacteria. Surveillance 
cultures should be obtained 1 week after completion of anti- 
biotic course. If blood cultures are persistently positive 
despite appropriate antibiotics, catheter removal is necessary 
[7]. Alternatively, if the symptoms prompting suspicion of 
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CRBSI resolve in 2-3 days and none of the aforementioned 
organisms are present, guidewire exchange can be done 
without continued antibiotic lock or negative cultures 
[21— 23]. Risks of this technique include increased sclerosis 
and stenosis of the venous access; therefore the new catheter 
may have functional compromise [16]. 

Exit-site infections leading to bacteremia are more likely 
to occur in recently placed tunneled line due to skin trauma 
and decreased time for endothelialization and fibrosis of the 
catheter tunnel [12]. Both the natural creation of the biofilm, 
which can harbor organisms, and abscess formation in the 
tunnel can lead to less antibiotic penetration [24]. Often tun- 
neled line infections are unable to be treated solely with sys- 
temic antibiotics and removal of catheters is necessary, 
especially when fever is present. Topical antibiotics can be 
attempted for exit-site infections without fevers. If the infec- 
tion is not quickly cleared, systemic antibiotics should be 
initiated and catheter removal if this therapy fails [16]. 


10.4.2 Identifying the Organism 

Empiric Therapy 

In addition to catheter management, defining the organism 
that is causing the infection is necessary to determine treat- 
ment. Often there are no culture results available at the time 
when antibiotics are initiated. Guidance to the appropriate 
antibiotic should be based on local infection trends where 
available [16]. Fifty to eighty percent of catheter-related 
infections are due to gram-positive organisms: the most com- 
mon being Staphylococcus aureus or coagulase-negative 
staphylococcus [7, 18]. Given the high incidence of S. aureus 
infections being methicillin resistant, vancomycin or teico- 
planin should be the first-line agent for all patients when 
empiric therapy is started [3, 7, 16]. If the patient is immuno- 
compromised or neutropenic and if the local culture trend in 
the HD unit has a high incidence of gram-negative organ- 
isms, then empiric coverage with third-generation cephalo- 
sporin, carbapenem, or b-lactam/b-lactamase combination 
should be added [11]. Also, if the catheter is in the femoral 
vein, empiric fungal and gram-negative coverage is recom- 
mended [7] (Table 10.1). 

Antibiotic locks are included in the 2009 ISDA guidelines 
as part of empiric therapy when the catheter is retained and 
cultures are being processed [7]. This therapy should be used in 
conjunction with systemic antibiotics and not as a monother- 
apy. A reasonable approach would be to start with a vancomy- 
cin antibiotic locks until organism identification is available. 
Gram-negative organisms respond well to treatment with anti- 
biotic locks as the success rate has been shown to be 87—100 %. 
This is not true with S. aureus with only 40-55 % success rate 
and is one reason why catheter removal is part of management 
of infection by this organism [25, 26]. 
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Table 10.1 Recommended duration of antibiotic therapy 


Type of infection 

Uncomplicated with line removed 
Coagulase-negative staphylococci 
Staphylococcus Aureus 
Enterococcus 
Gram-negative bacilli 
Candida 

Tunneled infection 
No fungemia or bacteremia, lineremoved 

Complicated infection, line removed 
Bacteremia fungemia persists >48 h 
Endocarditis 
Intravascular infection 


Osteomyelitis 


Uncomplicated with line retained (not S. aureus, P. aeruginosa, Bacillus species, 


Mia-ococcus species, propionibacteria, fungi or mycobacteria) 
Coagulase-negative staphylococci 
Gram negative organism 
Enterococcus 
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Length of antimicrobial treatment 


5-7 days 
14 days 
7-14 days 
7-14 days 
14 days 


7-10 days 
4—6 weeks 
6-8 weeks 


2 weeks of systemic antibiotics with antibiotic lock 


or 
Guidewire exchange with 2 weeks of systemic antibiotics 


Note that day 1 of therapy is the first day of negative blood cultures after appropriate antibiotics were started 


Tailoring Antibiotics 

Empiric antibiotics should be adjusted as soon as culture 
results are available. For example, if S. aureus is found to 
be resistant to vancomycin, a change to daptomycin is indi- 
cated [7]. Alternatively, if S. aureus is found to be methicil- 
lin sensitive, it is worthwhile to change to cefazolin as 
continuation with vancomycin increases the risk of treat- 
ment failure [7, 27]. Blood cultures should be done after 
48 h of antibiotic treatment to ensure that the infection is 
cleared. The day of the first negative culture can be consid- 
ered day 1 of therapy. Also, tailoring antibiotics to better 
suit administration with dialysis is preferred. Vancomycin, 
ceftazidime, or cefazolin can be given after each dialysis 
session (Fig. 10.1). 

Gram-negative species are seen in approximately one- 
third of the isolates [7, 18]. Most of these organisms are 
susceptible to aminoglycosides, but the risk of ototoxicity 
and diminishing any residual renal function makes their use 
less preferred [7]. Cephalosporins, namely, ceftazidime, 
are suggested for ease of dosing and low side effect profile. 
These organisms are rather responsive to treatment and can 
be managed with systemic antibiotics and antibiotic lock 
without catheter removal [7]. Guidewire exchange in con- 
junction with systemic antibiotics is an alternative therapy 
(Fig. 10.1). 

Fungi make up the remaining <10 % of CRBSI. Catheter 
removal is necessary to treat these infections as prospective 
studies have shown worse outcomes with catheter salvage 
management [28-30]. Antibiotic locks are experimental and 
have not shown good salvage results. 


10.4.3 Duration of Antibiotics 


When determining the duration of antibiotic therapy, it is 
important to obtain daily blood cultures after starting antibi- 
otics. The first day when blood cultures are negative is noted 
to be day 1 of therapy. The treatment timeline varies depend- 
ing on catheter management strategies and if systemic com- 
plications are present. Many infections can be treated with a 
7-14-days course, but if severe complications occur, the 
duration can be extended. For example, if endocarditis is 
present, treatment will be extended to 4—6 weeks and osteo- 
myelitis will prompt continuation of antibiotics to 8 weeks of 
therapy [7, 11] (Table 10.2). 


10.5 Prevention 

The best means to reducing catheter-related infections would 
be to eliminate catheters. This is not possible in a large num- 
ber of patients in whom vasculature is not amenable to AV 
fistula or graft placement. There are a variety of ideas that 
have been explored as means to reduce the risk of infection. 


10.5.1 Sterile Technique in Placement 


of Catheter 


The use of sterile technique including maximal barrier pre- 
cautions including mask, cap, sterile gown, sterile gloves, 
and large sterile drape can decrease bloodstream infections 
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and save approximately $167 per CVC inserted [31, 32]. 
Also, the use of chlorhexidine can reduce the risk of catheter 
colonization when compared to other skin-cleaning tech- 
niques [33, 34]. No data has shown prophylactic antibiotics 
at the time of insertion is helpful in preventing catheter- 
related infections [11]. 


10.5.2 Vascular Access Team 


Often CRBSI occurs in patients in the outpatient dialysis unit 
who do not need admission to the hospital. Rarely is consid- 
eration given to catheter removal as part of their treatment 
plan as the outpatients are not as ill as those seen in the hos- 
pital setting. Implementation of an access-care team for the 
outpatient hemodialysis setting has been shown to decrease 
treatment failure and reduce death from sepsis. Much of this 
success was based on decreased catheter salvage practices 
[3, 17,351. 


10.5.3 Antibiotic Impregnated Catheters 


In the general population requiring CVC, it has been shown 
that the use of CVC impregnated with chlorhexidine and 
silver sulfadiazine or minocycline and rifampin has low- 
ered the rate of infection from 7.6 infections per 1,000 
catheter days to 1.6 infections per 1,000 catheter days 
(P=0.03 with CI 0.0-30.95). This was estimated to 
decrease medical costs by approximately $196 per catheter 
inserted [36]. This data has not been consistent in the dialy- 
sis population; therefore, Kidney Disease Outcomes 
Quality Initiative (KDOQI and the IDSA do not have spe- 
cific recommendations for routine use. 


10.5.4 Daily Handling 


As per guidelines established from studies on general 
CVC access placement, all staff accessing catheters 
should wear masks and gloves as well as perform good 
hand hygiene regimens [37]. Chlorhexidine and alcohol 
solutions should be used as antiseptics for exit-site clean- 
ings. This solution has been shown to be superior to 
povidone-iodine solution when they were directly com- 
pared [38]. 


10.5.5 Exit-Site Care 


Studies have shown more than 75 % decreased rate of 
infection with topical ointment application around exit 
sites. A Cochrane review was done on topical ointment 
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and found that mupirocin ointment reduced the risk of 
catheter-related bacteremia, including the infections 
caused by S. aureus, but did not have any effect on infec- 
tion-related mortality. There was insufficient evidence to 
show if topical honey or other types of ointments are ben- 
eficial [39]. There is no consensus on the optimal fre- 
quency of dressing changes or the type of exit-site dressing 
that is used [3, 33, 39]. 


10.5.6 Catheter Lock 


Many clinical trials have been performed to assess the effi- 
cacy of catheter locks containing antibiotics for infection 
prophylaxis. Of the published trials, it seems that using these 
locks can reduce the rate of catheter-related infections by as 
much as 51-99 % [3, 40]. In a systematic review, it was 
found that the number needed to treat was three patients to 
prevent 1 CRSBI [41]. The drawback to this practice may be 
increased antibiotic resistance [3]. Another locking tech- 
nique has been an attempt to eradicate the biofilm with solu- 
tions such as ethylenediaminetetraacetic acid (EDTA) or 
high-concentration citrate. Successful reduction in biofilm 
was noted, but data has varied on reducing the time to 
catheter-related bacteremia [40, 42]. There will be more data 
on the horizon to establish the optimal use of these solutions 
to improve patient care. 


10.5.7 Scheduled Catheter Exchange 


For patients that need prolonged catheterization, no benefit 
has been seen with routine exchange of the catheter over a 
wire or schedule replacement of the catheter at a new site. 
More risk of mechanical complications are present with 
these protocols [11]. 


10.6 Summary 

Catheters are associated with an increased risk of mortal- 
ity in the hemodialysis population largely due to their 
heightened threat of infection. The best means to prevent 
associated complications is to avoid their use by having 
arterial-venous fistulas or arterial-venous grafts in place. 
At times, acute illness or poor vascular access can limit 
the ability of these alternative forms of vascular access 
which leaves catheters as the only option for treatment. 
In these situations, meticulous care for the catheter and 
prompt recognition and management of infections are 
important. Continued research on prevention of infec- 
tions is necessary to decrease the mortality related to 
catheter use. 
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Approach to Patient Referred for 


Vascular Mapping 


Vandana Dua Niyyar 


11.1 Introduction 

The population of patients with end-stage renal disease 
(ESRD) in the USA is progressively increasing, with hemo- 
dialysis (HD) as the major mode of renal replacement ther- 
apy [1]. Arteriovenous fistulae (AVF), though not perfect, 
are the most preferred of the three types of hemodialysis vas- 
cular access. They have higher patency rates [2], lower 
infection rates [3], and lower overall costs [1] than either 
grafts or catheters. As a result, the National Kidney 
Foundation’s Dialysis Outcomes and Quality Initiative rec- 
ommends that AVF be placed in 50 % of all incident patients 
and 40 % of all prevalent dialysis patients use an AVF [4]. 
The Fistula First Initiative, jointly formed by CMS and the 
ESRD networks, with the help of specific change concepts to 
promote AVF placement and maintenance, has further 
expanded this goal to have 66 % of prevalent hemodialysis 
patients dialyzing with an AVF [5]. 

Unfortunately, despite these efforts, the majority of 
patients still initiate hemodialysis with a central venous cath- 
eter (CVC) as their primary access [6, 7]. Frequent phleboto- 
mies, peripherally inserted central catheters (PICC) [8], and 
a high prevalence of comorbid conditions including diabetes, 
obesity, and vascular disease [9] in this high-risk population 
negatively impact the vasculature. These, in turn, may con- 
tribute to early AVF dysfunction and the high rate (20-50 %) 
of primary failure that prevents their successful use for dialy- 
sis [7]. Thus, preoperative vascular mapping is recom- 
mended prior to AVF creation for both pre-dialysis chronic 
kidney disease (CKD) and ESRD patients on hemodialysis. 
This chapter aims to review the approach to the patient who 
has presented for vascular mapping, the various techniques 
(physical examination, ultrasonography, and angiography) 


V.D. Niyyar, MD, FASN 

Division of Nephrology, Emory University, 
Woodruff Memorial Research Building, Rm 338, 
1639 Pierce Drive, Atlanta, GA 30322, USA 
e-mail: vniyyar@emory.edu 


A.S. Yevzlin et al. (eds.), Interventional Nephrology, 


11 


currently available for venous mapping, as well as their 
effect on AVF creation and use. 


11.2 The Techniques 


Vascular mapping includes assessment of both arterial and 
venous systems prior to access placement. One of three tech- 
niques may be used: physical examination, ultrasonography, 
and angiography. 


11.3 Physical Examination 


A simple bedside assessment may be done to evaluate the 
patency of the arterial and the venous systems. Arterial eval- 
uation includes documentation of bilaterally equal strong 
pulses and differential blood pressure measurements in both 
extremities. The Allen’s test assesses the collateral circula- 
tion to the hand by confirming the patency of the palmar arch 
and should be performed prior to creation of any forearm 
AVF. The patient is asked to make a fist and pressure is 
applied over both the ulnar and the radial arteries to occlude 
them. Once the fist is opened, the hand should appear 
blanched or pale. Then, pressure is alternately released from 
both the arteries and the hand monitored for return to color. 
If the color returns rapidly on release of the individual artery, 
it suggests that the blood supply to the hand is sufficient. 

For the venous examination, a tourniquet is placed 
sequentially at the upper extremity and the veins are visually 
inspected to determine the diameter, the distance of the vein 
from the skin surface, and the length of a straight venous 
segment suitable for cannulation [10]. 

An upper extremity physical examination, though valu- 
able, is often inadequate when used alone — particularly in 
obese patients or those with a history of prior vascular access. 
In such cases, it may need to be supplemented with addi- 
tional techniques, such as ultrasonography or venography 
[11]. In a cohort of 116 patients, the authors classified vein 
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quality as good in patients in whom the cephalic vein was 
easily visualized, poor with hardly visible veins, and absent 
when no veins could be seen on physical examination. In 
patients with poor or absent veins, duplex sonography was 
performed and venography was reserved for those patients 
who did not have adequate veins on both physical examina- 
tion and ultrasound. Preoperatively, clinically visualized 
veins could be found in only 54 of 116 patients (46.5 %), and 
poor or clinically absent veins were found in 62 patients 
(53.5 %). Further, of these 62 patients, duplex sonography 
found adequate veins in 48 patients (77 %), and only 14 
patients (23 %) required venography [11]. 


11.4 Ultrasound Examination 


Ultrasonography is an excellent tool that provides an objec- 
tive and noninvasive assessment of the venous and arterial 
systems prior to fistula creation. Real-time imaging using a 
linear transducer with a frequency of 10-12 MHz should be 
performed and images recorded. The preoperative criteria 
currently used to support successful AVF maturation include 
a minimal venous diameter of 2.5 mm and a minimal arterial 
diameter of 2.0 mm in the upper extremities at the site of the 
anastomosis [12]. The technique for vessel imaging by ultra- 
sonography is thoroughly detailed in prior publications, and 
the salient points are as follows [7, 13-15]. 


11.4.1 Arterial Examination 


The patient’s arm is positioned comfortably, at approxi- 
mately 45° from the body and the nondominant arm is exam- 
ined first. The artery is evaluated with grayscale and spectral 
Doppler imaging. The internal luminal diameter of the artery 
is measured at the site of the expected anastomosis. Any arte- 
rial calcification should be recorded, as the surgery can be 
technically difficult if significant calcification is present. 
Evaluation of the upper extremity arteries includes mea- 
surement of arterial wall thickness, the internal diameter, 
arterial flow with peak-systolic/end-diastolic velocities, and 
the presence of calcifications and/or other abnormalities. The 
radial and ulnar arteries are measured at the wrist, and the 
brachial artery at the antecubital fossa (Figs. 5 , and 


). 


11.4.2 Venous Examination 


The primary goal of the venous examination is to find veins 
appropriate for AVF formation and, if they are unsuitable, to 
identify alternate veins for an AVG. In order to visualize the 
venous system, the nondominant arm is examined first. The 
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Fig. 11.1 US vascular mapping: brachial artery at elbow, diameter 
0.54 cm 


Fig. 11.2 US vascular mapping: radial artery at wrist, diameter 
0.32 cm 


Fig.11.3 US vascular mapping: ulnar artery at wrist, diameter 0.32 cm 


entire upper extremity is evaluated, and the cephalic, basilic, 
and axillary vein diameters are measured throughout their 
course (Figs. ; , and ). A tourniquet is then sequen- 
tially placed at the mid-forearm, antecubital area, and at the 
upper arm; the diameters are again measured and recorded. 
The veins are also evaluated for compressibility 
throughout the course as well as the depth from the skin 
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Fig. 11.4 US vascular mapping: 
0.30 cm 


cephalic vein at wrist, diameter 


Fig. 11.5 US vascular mapping: cephalic vein above elbow, diameter 
0.39 cm 


Fig. 11.6 US vascular mapping: basilic vein above elbow, diameter 
0.60 cm 


surface. If the veins are deeper than 6 mm, the distance from 
the skin surface should be recorded to assist in planning for 
superficialization. All abnormalities should be noted includ- 
ing venous stenosis, branches of veins near the future AVF 
site, or sclerotic, thick-walled veins. 
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If no suitable upper arm vein for AVF creation is found, 
the basilic and axillary veins should be measured for poten- 
tial graft placement as previously described. A vein with a 
proximal diameter (at the site of the venous anastomosis) of 
at least 4 cm is needed for graft placement. 

The routine use of preoperative venous mapping led to a 
significant increase in the use of autogenous AVF (5-68 %) 
in a study designed to evaluate the impact of DOQI (Kidney 
Dialysis Outcome and Quality Initiative) guidelines [16]. 
Preoperative mapping resulted in a change in the planned 
procedure in 31 % of the patients in another prospective eval- 
uation to assess the effect of preoperative vessel mapping by 
ultrasonography. Unsuccessful surgical explorations 
decreased from 11 to 0 %, and the AVF placement rate 
increased from 32 to 58 % [13]. Encouraged by these prom- 
ising initial data, the authors expanded their intervention 
over a 17-month period. The proportion of fistulas placed 
increased to 64 % with preoperative vascular mapping as 
compared to 34 % in the historical controls. Further, their 
intervention resulted in essentially doubling the proportion 
of patients dialyzing with a fistula (from 16 to 34 %) [17]. 

A limitation of ultrasonography is that it provides only 
indirect evaluation of central venous vasculature. The central 
veins are assessed for stenosis or thrombosis by analysis of 
the waveform for changes in respiratory phasicity and trans- 
mitted cardiac pulsatility. Thus, especially among patients 
with a history of central venous catheter use, additional tech- 
niques may be needed to fully delineate the central venous 
system. 


11.5 Angiography 


Venous mapping can also be performed with iodinated con- 
trast [10, 18] or carbon dioxide (CO3) [19]. The arm is then 
placed in the anatomic position, and a peripheral vein on the 
dorsum of the hand is cannulated. To visualize the veins 
using iodinated contrast, sequential tourniquets are then 
applied — one at the elbow and the other at the axilla. Low 
iso-osmolar contrast diluted with normal saline is injected 
through the cannula, and images are obtained throughout the 
course of the veins using calibrated fluoroscopy. Once the 
forearm is examined, the distal tourniquet is removed, to 
allow contrast to pass into the upper arm. The criteria used to 
determine suitability of veins for AVF placement are the 
same as those for ultrasonography [12]: vein diameters of at 
least 2.5 mm, a 6 cm long straight cannulation segment, and 
patent draining and central veins. 

Angiography offers the advantage of direct imaging of 
the central veins and is often utilized in patients with a his- 
tory of long-term central venous catheter use. On the other 
hand, administration of radiocontrast material may expose 
the patient to the risk of potential nephrotoxicity. 
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Encouragingly, recent data have shown that small doses of 
low iso-osmolar contrast agent for venous mapping may be 
safe in patients with stages 4 and 5 CKD [20, 21]. In a pro- 
spective study, 25 consecutive patients who underwent 
angiograms with 10-20 ml of contrast were evaluated for 
contrast nephropathy. Of those 21 patients who had pre- and 
post-procedure GFR measurements, there were no signifi- 
cant differences in the two measurements [21]. In another 
dataset, a total of 65 procedures for endovascular salvage 
were performed on 34 patients over 2 years, and the safety 
of low-dose contrast was evaluated. The incidence of 
contrast-induced nephropathy was reported as 4 % at 2 days 
and 4.7 % at 1 week. All patients returned to baseline renal 
function at 2 weeks, and none required dialysis. The authors 
concluded that even in advanced CKD, fistulas could be sal- 
vaged with low-dose contrast [20]. In yet another subset of 
28 patients, with CKD stage 4 and 5, upper arm venography 
was done preoperatively with 10-15 ml of dilute radiocon- 
trast. There were no significant differences in GFR pre- and 
post-intervention; one patient developed a decrease in the 
GFR, but it returned to baseline within 7 days [22]. 
Nonetheless, larger studies with long-term follow-up are 
needed prior to establishing the safety of contrast in this 
high-risk population. 

In order to minimize the risk of contrast-induced 
nephropathy, some authors have proposed the use of CO, 
angiography as compared to iodinated media. CO, venog- 
raphy has been shown to have a sensitivity of 97 % and a 
specificity of 85 % in the assessment of upper limb and 
central vein patency and stenosis, with conventional iodin- 
ated venography used as the reference standard [23]. The 
procedure is described in detail in the publication, and the 
salient features are as follows [23]. A superficial vein in 
the dorsum of the hand is cannulated, and a CO, injector is 
used to inject 10 ml of CO, initially to accustom the patient 
to the sensation of a CO, injection. Thereafter, the volume 
varies between 10 and 30 ml for upper extremities and 
30-50 ml for central veins. Using this technique, in a ret- 
rospective evaluation of 209 CO, venograms in 116 
patients, surgical findings correlated with angiographic 
findings in 90 % of the patients. The overall maturation 
rate was 84 % with l-year primary patency rates of 63 %, 
which is comparable to those with conventional venogra- 
phy [19]. The authors noted that the CO, was less useful in 
delineating the forearm veins, secondary to the lower vis- 
cosity of CO, as compared to iodine. On the other hand, it 
has also been noted that CO, may inadvertently overesti- 
mate the degree of stenosis in certain cases [24]; a pro- 
posed mechanism is that CO, dissolves in the blood 
immediately after the injection. Thus, CO, angiography 
could be an acceptable alternative for those patients with 
either an allergic reaction to iodinated contrast or with 
residual renal function. 
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11.6 Which Technique Should Be Used? 


Thus far, no randomized studies have compared the various 
techniques for AVF vascular mapping. Nonetheless, each 
technique has advantages in certain clinical settings. 
A detailed and focused physical examination alone may be 
sufficient if clearly defined criteria and careful clinical exam- 
ination are used. In a European analysis of 145 consecutive 
patients, 106 patients (73 %) were referred for vascular 
access surgery on the basis of clinical examination alone, 
with favorable (77 %) subsequent patency results [25]. 
However, as there is a high prevalence of central venous 
catheter use and because an increasing proportion of the HD 
population in the USA has multiple comorbidities which 
may affect the vasculature, physical examination alone may 
be inadequate in the vast majority of these patients. 

A large number of studies support the use of ultrasonog- 
raphy to increase AVF creation, as detailed in Table 11.1. It 
has the advantage of providing noninvasive assessment of both 
arterial and venous diameters and depth from the surface with- 
out exposure to radiation or potentially nephrotoxic contrast. 
A limitation is that it only provides indirect assessment of cen- 
tral venous patency. Interestingly, in a retrospective comparison 
of two surgical practices, preoperative duplex ultrasonography 
resulted in a decrease in AVF creation when compared to phys- 
ical examination [27]. This was attributed to be secondary to 
underestimation of cephalic vein size by ultrasonography. 

Angiography offers the advantage of direct imaging of the 
central veins and is often employed in patients with a history 
of long-term central venous catheter use. It also allows for 
measurement of the venous diameter as well as any stenosis 
or accessory veins. Nevertheless, administration of radiocon- 
trast material is contraindicated in patients with contrast 
allergy and does expose the patient to the risk of potential 
nephrotoxicity. Though recent data have shown that small 
doses of low iso-osmolar contrast agent for venous mapping 
or fistula salvage may be safe in patients with stages 4 and 5 
CKD [20, 21], larger studies with long-term follow-up are 
needed prior to establishing the safety of contrast in this 
high-risk population. This can be mitigated by the use of 
CO, angiography, but it is currently not widely available. 

Currently, there is no evidence to support one vessel map- 
ping technique over another; the procedure used should be 
individualized to each patient, with careful consideration of 
the advantages and disadvantages of each method. The use 
of ultrasonography in patients with poorly visualized vessels 
on physical examination may expedite placement of fistulae 
by early referral for surgery [25]. Though minimal vessel 
diameter criteria have been established for ultrasonography 
[12], these clearly have limitations, as shown by the poor 
AVF maturation rates reported in the DAC study. Thus, per- 
haps additional variables including resistive indices, internal 
vessel diameter, and blood flow before and after reactive 
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Table 11.1 Effect of preoperative vascular mapping on AVF creation 


Author and technique used (%) 


Silva et al. (1998) — US [12] 14 
Robbin et al. (2000) — US [13] 32 
Ascher et al. (2000) — US + DOQI [16] 5 

Allon et al. (2001) — US [17] 34 
Gibson — US 11 
Dalman et al. (2002) — US [26] 35 
Fullerton et al. (2002) - US + DOQI [27] 23 
Huber et al. (2002) — US + angiography [28] 0 

Patel et al. (2003) — physical 61 


examination + US + angiography [29] 
Wells et al. (2005) [25] 

Asif et al. (2005) — US [21, 30] 0 

Elsharawy and Moghazy (2006) — physical 0 
examination (26); angiography (74) [31] 

US ultrasonography, DOQI Dialysis Outcomes and Quality Initiative 


hyperemia might be considered in order to maximize AVF 
placement and maturation [14, 32, 33]. 

Indeed, a combination of techniques, as detailed in a pro- 
spective algorithm, was successful in creating a native AVF 
in an overwhelming majority of patients presenting for a new 
hemodialysis access [28]. In another recent cohort of 422 
patients, the authors first identified preoperative clinical 
characteristics that are predictive of failure to mature AVF 
and then devised and validated a scoring system to stratify 
the patient’s risk for failure to mature (FTM) [34]. The clini- 
cal characteristics associated with a failure to mature 
included age >65 years, coronary artery disease, peripheral 
vascular disease, and race (white race being protective). 
Using a prediction model and the odds ratio, the scores were 
categorized into probability risks for failure to mature as fol- 
lows: scores <2, low risk; 2—3, moderate risk; 3.1-7.9, high 
risk; and >8.0, very high risk. The authors suggested the fol- 
lowing clinical application for preoperative evaluation using 
the scoring system. If the patient is low risk for FTM, a phys- 
ical examination and/or duplex US should suffice. In high- 
risk patients, a venogram and arteriogram may be necessary 
with appropriate preoperative interventions as needed and 
close postoperative follow-up after AVF creation. In 
extremely high-risk patients, the authors recommended 
abandoning AVF and considering an AVG [28, 34]. This is 
yet to be validated in the clinical setting, and prospective 
studies are needed to further delineate the impact of these 
measures on the creation of mature, functional AVF. 


11.7 Summary and Future Directions 


Though preoperative vessel mapping increases AVF creation 
[12, 13, 16, 26, 28, 31, 35], there is limited and conflicting 
evidence regarding the effect of vessel mapping on AVF 


Physical examination (73); US (27) 
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AVF creation rate — prior to intervention (%) AVF creation rate — post-intervention (%) 


63 
58 
68 
64 
95 
85 
39 
90 
73 


100 (physical examination) to 76.5 (US) 
77 
95 


maturation [17, 29]. It is essential to differentiate an increase 
in the number of AVF created from an increase in mature 
fistulae that are successfully used for dialysis. In a landmark 
historical cohort study, the authors compared primary failure 
rates and patency rates of AVF before and after implementa- 
tion of ultrasonographic assessment of the upper extremity 
vasculature [12]. The outcomes included not only a signifi- 
cant increase in the creation and use of AVF but also a reduc- 
tion in early AVF failure rates and an increase in cumulative 
AVF patency. Other investigators had comparable results 
after using various techniques for preoperative evaluation, 
including physical examination, ultrasonography, angiogra- 
phy, or a combination thereof, as well as establishment of a 
comprehensive multipronged approach to maximize AVF 
placement [13, 16, 17, 26, 28, 31, 35]. A prospective analysis 
using angiography involved an organized program by an 
interventional nephrology team (including vascular access 
education and vascular mapping) for tunneled catheter- 
assigned patients [30]. The patients were divided into two 
groups — those with no prior AV access and those with at 
least one previous AV access. After angiographic mapping, 
97 % of patients in the first group and 90 % of the patients in 
the second group had adequate veins for AVF creation. 
Overall, they had a notable success rate with 77 % of the tun- 
neled catheter-consigned patients achieving functional AVF 
and 5 % receiving AVG. 

Though it could be reasonably concluded that a preopera- 
tive strategy to identify suitable vessels for AVF creation 
would translate into decreased early failure rates and an 
increased proportion of prevalent patients dialyzing with an 
AVF, it may not always be the case. In one such review, rou- 
tine preoperative vascular mapping resulted in a marked 
increase in AVF creation and an increased maturation rate for 
forearm AVF, but it did not improve the maturation of upper 
arm AVF [17]. In another protocol, despite the fact that the 
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implementation of preoperative ultrasonography and angiog- 
raphy increased AVF creation, the maturation rate decreased 
from 73 to 57 % [29]. This decline was ascribed to a change 
in practice patterns, with more complicated surgeries being 
performed in the study group as compared to the historical 
controls. Furthermore, they only performed ultrasonography 
in those patients in whom physical examination was inade- 
quate to identify suitable vessels for AVF placement. 

A synopsis of the evidence in this field is summarized in 
Table 11.1, keeping in mind that most of the studies demon- 
strating a benefit of preoperative mapping are not random- 
ized. In the vast majority, the primary outcome has been AVF 
creation, rather than AVF maturation, or usability, and only 3 
of the 12 previous studies report favorable outcomes related 
to venous mapping and AVF maturation. Incidentally, it must 
also be noted that a majority of these studies were published 
alongside promotion of AVF creation by major national ini- 
tiatives [7]. Future research should focus on prospective, 
randomized controlled trials to evaluate the efficacy of pre- 
operative mapping techniques on the creation, maturation, 
and patency of AVF. 
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12.1 Introduction 

A well-functioning and reliable vascular access is an abso- 
lute requirement to provide life-sustaining dialysis treat- 
ment in end-stage renal disease (ESRD) patients and 
rightfully referred to as their “lifeline” [1]. Hemodialysis 
(HD) vascular access (VA) dysfunction is the single most 
important cause of morbidity in ESRD patients [1, 2]. The 
rising incidence and prevalence of ESRD have led to an 
increased burden on the US health-care system. The social 
and economic cost of ESRD care is disproportionately 
high. In 2009, the total ESRD cost rose to $29 billion, 
amounting to 5.9 % of the entire Medicare budget [2]. Care 
of vascular access accounts for over a billion dollars of this 
expense annually. 

To optimize VA care, procedural aspects of nephrol- 
ogy have steadily evolved over the past decade. Despite 
the concerted efforts of the nephrologists, surgeons, and 
radiologists to deliver timely care, treatment delays per- 
sist [3-5]. Endovascular procedures are increasingly 
being performed by the “interventional” nephrologists 
[6, 7]. The American Society of Diagnostic and 
Interventional Nephrology (ASDIN) was founded in 
2000 to fulfill this unmet need, and its published training 
guidelines have generated a renewed interest among 
nephrologists to master procedural skills in an effort to 
reduce morbidity and improve quality of life in the dialy- 
sis population [8, 9]. 
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12.2 Types of Vascular Access 

The three principal forms of vascular access are native AV 
fistulae, synthetic AV grafts, and tunneled cuffed hemodialy- 
sis catheters. 


12.2.1 AV Fistulae 

AV fistulae are typically constructed with an end-to-side 
vein-to-artery anastomosis between an artery and vein. 
Creation of an AV fistula at the wrist was first described by 
Brescia and Cimino [1, 10] (Fig. 12.1). The fistula with the 
best outcome is the lower forearm radiocephalic (RCF); 
however this access often fails to mature in the elderly 
patient with underlying vascular disease, particularly in dia- 
betics [11]. The next recommended site for fistula is the 
upper arm brachiocephalic fistula (Fig. 12.2). This type of 
fistula is being placed with increased frequency because of 
the high failure rate of RCF or as a secondary AVF in patients 
with failed forearm AV grafts [12]. Less commonly, native 
fistulae are created between the brachial artery and basilic 
vein, for which the basilic vein is usually mobilized laterally 
and superficially to allow easier cannulation (transposed bra- 
chiobasilic fistula) (Fig. 12.3) [13]. Radiocephalic native 
vessel fistula is recommended as the first choice followed by 
brachiocephalic and brachiobasilic fistula as the second and 
third choice, respectively [14, 15]. 

Fistulae in the lower extremity, such as the superficial 
femoral and common femoral thigh transpositions, are rare, 
although adequate outcomes have been reported with good 
patient selection [16]. 

AVF is the preferred dialysis access given their superior 
longevity, fewer complication rates, cost-effectiveness, and 
their salutary impact on patient outcomes have made them 
the most “desirable” access for dialysis [12]. However, suc- 
cessful creation of AVF requires patent and good-sized arter- 
ies and veins, and despite creation of AVF, there is a high rate 
of failure to mature that often requires more than one 
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Fig. 12.1 Illustration for yn 
radiocephalic arteriovenous 

fistula (Brescia-Cimino) (With 
permission from Vachharajani 


[47]) 


Fig. 12.2 Illustration for 
brachiocephalic AV fistula (With 
permission from Vachharajani 
[47]) 


intervention. AVF usually require a maturation period of 4-6 usually polytetrafluoroethylene (PTFE), between an artery 
weeks prior to cannulation for dialysis. and vein [17, 18]. PTFE grafts are the second most preferred 
form of permanent dialysis vascular access. They have the 
advantage of being easier to create surgically, require a mat- 
12.2.2 Synthetic Grafts uration time of only 2-3 weeks, and have a relatively large 
cannulation area [19]. Unfortunately, PTFE dialysis grafts 
When the location or condition of the native blood vessels is have a poor primary patency rate (50 % at 1 year and 25 % at 
not adequate, a synthetic graft can be substituted. Synthetic 2 years) [20]. Aggressive preemptive monitoring and inter- 
grafts are constructed by anastomosing a synthetic conduit, vention can result in a cumulative patency for PTFE grafts 
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Fig. 12.3 Illustration for transposed 
brachiobasilic AV fistula (With 
permission from Vachharajani [47]) 


Fig. 12.4 Illustration for 
forearm loop graft (brachioce- 
phalic) (With permission from 
Vachharajani [47]) 


that matches the results for AV fistulae. This increase in 
cumulative patency, however, requires a sixfold increase in 
interventions (thrombectomies and angioplasties) [1]. 
Common graft locations and configurations are straight 
forearm (radial artery to cephalic vein), looped forearm (bra- 
chial artery to cephalic vein) (Fig. 12.4), straight upper arm 
(brachial artery to axillary vein), or looped upper arm (axil- 
lary artery to axillary vein). Thigh grafts (Fig. 12.5), looped 
chest grafts, axillary-axillary (necklace), and axillary-atrial 
grafts have also been reported [21, 22]. Many synthetic 
materials other than PTFE have been used for construction of 
graft. The use of autologous tissue-engineered vascular 
grafts and drug-eluting grafts remains a subject of active 
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research and not widely used in the clinical practice at the 
current time [23, 24]. 


12.2.3 Tunneled Cuffed Catheters 


Tunneled cuffed catheters are dual-lumen catheters usually 
composed of silicone or polyurethane composites. Catheters 
are commonly placed in the internal jugular vein and tunneled 
superficially to exit on the upper, anterior chest. Patency of 
central veins should be confirmed with ultrasound prior to 
insertion. Direct guidance with ultrasound is highly recom- 
mended. The catheters are commonly positioned under fluo- 
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Fig. 12.5 Illustration for thigh AV 
graft (external iliac artery to femoral 
vein) (With permission from 
Vachharajani [47]) 


External 
iliac a. 


Femoral a. 
Femoral v. 


Fig. 12.6 Chest X-ray showing a right internal jugular split-tip tun- 
neled dialysis catheter 


roscopy such that the tip rests in the middle of the right atrium 
when the patient is supine as it tends to move up with erect 
posture (Fig. 12.6). The use of subclavian catheters should be 
discouraged given high incidence of subclavian vein stenosis 
with their use [15, 25]. The main advantage of using tunneled 
dialysis catheter as dialysis access (>3 weeks) is that they can 
be used immediately after placement [1]. However, these 
catheters have many disadvantages including a significant 
morbidity caused by thrombosis and infection, a substantial 
risk of permanent central venous stenosis or occlusion, a far 
shorter life span than with AV fistulae or PTFE grafts [26], 
and relatively lower blood-flow rates resulting in inadequate 
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dialysis. There is a significantly negative impact of these 
catheters on patient outcomes. Ideally, these catheters should 
be used only as bridge catheters while an AV fistula matures 
[1]. Every attempt should be made to limit the use of cuffed 
tunneled dialysis catheters whenever possible [1]. 


12.3 Pre-dialysis Evaluation 

Process of approaching vascular access begins long before 
the patient is referred for the creation of access. With the 
increase of comorbid conditions related to age and diabetes, 
vascular problems are increasingly prevalent as evidenced by 
progressive peripheral vascular, carotid, and coronary artery 
disease [27]. Additionally, damage to the venous vasculature 
occurs from numerous blood samplings, infusions, and intra- 
venous lines during hospitalizations especially in patients 
with advance chronic kidney disease (CKD). Venous dam- 
age may thus occur even before the patient is referred to a 
nephrologists or access surgeon, emphasizing the need for 
timely nephrology referral along with the intensive strategies 
for vein preservation in CKD patients (Fig. 12.7) [27]. The 
KDOQI and NVAII recommend timely referral of CKD 
patients to a nephrologist usually at stage 4 so that the educa- 
tion for dialysis options including dialysis access evaluation 
can begin [28]. Thus, the timing of access placement, prefer- 
ably an AVF, and the process of patient evaluation are 
extremely important for the successful use of vascular access. 


12.3.1 Timing of AVF Creation 

Creating the AVF well before it is required for dialysis allows 
for this process to take place in an adequate fashion prior to 
use. NKF-K/DOQI guidelines suggest that the patient be 
referred for the creation of an AVF when the patient’s creati- 
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Fig.12.7 Well-preserved veins in the forearm and upper arm for creat- 
ing a functional arteriovenous fistula (With permission from 
Vachharajani [47]) 


nine clearance is at 25 mL/min or less, their serum creatinine 
is 4 mg/dL or more, or within | year of anticipated need [29]. 
Early referral allows time for a second AV access attempt at 
an alternative site in patients with failed first attempt of AVF, 
without having to depend on tunneled dialysis catheter for 
dialysis initiation [30]. 


12.3.2 Patient Evaluation Prior to Access 
Placement 


In order to determine the type of access most suitable for an 
ESRD patient, a thorough physical examination along with a 
focused medical history is imperative [30, 31]. Any scars 
should be noted in the neck or upper chest region, since this 
might suggest use of a previous central venous catheter 
(CVC) or previous surgery and ensuing anatomical abnor- 
malities [32]. Patient’s chest, breast, and upper arms should 
be evaluated for the presence of swelling or collateral veins, 
if present; they are strongly suggestive of central venous ste- 
nosis. Both the size and anatomical characteristics of the 
venous and arterial components of the AVF can affect the suc- 
cess of AVF placement and maturation. Prior to AVF creation, 
both arterial and venous evaluation must be conducted. 


Arterial Evaluation 

The feeding artery must be capable of delivering blood flow 
at a rate adequate to support dialysis while simultaneously 
not jeopardizing the blood flow to the hand and digits. There 
are three important clinical features relative to the arterial 
system for a successful AVF creation [33]. Firstly, the patient 
should have less than 20 mmHg differential in blood pres- 
sure between the two arms; a greater difference suggests the 
presence of arterial disease that needs to be evaluated fur- 
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ther, before access placement. Secondly, the palmar arch 
should be patent. The palmar arch can be tested for patency 
using the Allen test [34]. The test has been criticized as being 
unreliable given considerable inter-operator variation in per- 
formance and interpretation, partly because of the subjective 
nature. Use of either a pulse oximeter, to detect the pulse 
wave, or a vascular Doppler, to evaluate pulse augmentation, 
can increase the efficacy of the Allen test [35]. Failure of 
palmar arch pressures to increase during this maneuver sug- 
gests inadequate collateral circulation in the hand and pre- 
dicts a higher risk for vascular steal if the dominant artery is 
used for access creation. And lastly, the arterial lumen should 
be at least 2 mm in diameter at the site proposed for AV anas- 
tomosis, which can be determined using color flow Doppler. 


Venous Evaluation 
The cephalic vein is ideal for an AVF because of its location 
on the ventral surface of the forearm and the lateral surface 
of the upper arm, making it easily accessible for cannulation 
with the patient in a sitting position [30]. Venous mapping 
should be performed in all patients prior to the placement of 
an access. Routine preoperative mapping results in a marked 
increase in placement of AV fistulae, as well as an improve- 
ment in the adequacy of forearm fistulae for dialysis [33, 36]. 
The main goal of venous mapping is to identify a cephalic 
vein that is suitable for the creation of an AV fistula. In addi- 
tion to a thorough physical examination, venous mapping 
can be done by Doppler ultrasound and angiography study as 
needed. During the physical examination, a blood pressure 
cuff is inflated to a pressure about 5 mmHg above diastolic 
pressure for no more than 5 min. Although in many patients 
venous anatomy can be evaluated by physical examination 
only, most surgeons prefer to get a detailed venogram per- 
formed using either color flow Doppler ultrasound or angi- 
ography prior to surgery. Color flow Doppler ultrasound is 
considered to be the best method for visualizing the venous 
anatomy primarily because it avoids the use of radiocontrast. 
Optimum features on venogram for the creation of an AVF 
are a luminal diameter at the point of anastomosis of 2.5 mm 
or greater, a straight segment of vein, absence of stenosis, 
and continuity with the proximal central veins [33]. 


12.4 Alternative Strategies for 


Arteriovenous Fistula Creation 


Use of nondominant arm is preferred as an initial AV access 
site; however, if suitable anatomy is not found, the dominant 
arm should be evaluated. In instances in which the cephalic 
vein in the lower arm is not large enough to meet the size 
criteria, consideration should shift to an upper forearm or 
upper arm region [30]. If the cephalic vein is not deemed 
suitable for the AV access placement, attention must be 
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directed towards evaluation of basilic venous system. In 
cases where a straight segment of vein suitable for cannula- 
tion is not present, the novel vein transposition techniques 
should be considered [37]. By this procedure, an otherwise 
unsuitable forearm vein is identified, exteriorized and, trans- 
posed to an optimal position on the volar surface of the fore- 
arm. This technique has yielded a primary patency rate of 
84 % at 1 year [30, 37]. If mapping reveals the presence of a 
suitable but a deep vein, superficial transposition can yield a 
usable fistula. 


Factors Related to Successful 
Fistula Use 


12.5 


Once a fistula is created, it must develop to the point that it 
can be cannulated for successful dialysis. This requires an 
adequate blood flow to support dialysis and physical charac- 
teristics to permit for repetitive cannulation. Without ade- 
quate inflow, the fistula will simply not develop. The issue of 
repetitive cannulation involves characteristics that are often 
referred to as “maturation.” For the most part, this relates to 
its size, position on the arm, configuration, and depth. In 
addition there are subjective elements including the feel of 
the AVF by an experienced operator, which cannot be 
quantified. 

Robin et al. have shown that if fistula diameter was 0.4 cm 
or greater, the likelihood it would be adequate for dialysis 
was 89 % versus 44 % if it was less than 0.4 cm [38]. In addi- 
tion, the chances that the fistula would be adequate for dialy- 
sis were 84 % if the flow was 500 mL/min or greater but only 
43 % if it was less than this level. Combining both the param- 
eters, a minimum fistula diameter of 0.4 cm and a minimum 
flow volume of 500 mL/min resulted in a 95 % chance that 
the fistula would be adequate versus 33 % if neither of the 
minimum criteria were met [38]. Of considerable interest 
was the fact that experienced dialysis nurses had an 80 % 
accuracy in predicting the ultimate utility of a fistula for 
dialysis. 

Evaluation at 30 days to detect problems with adequacy 
has been recommended [39]. This practice is based upon the 
observation that an AVF that did not appear to be adequate at 
that time was generally not adequate at a later date. Studies 
have suggested that there is no significant difference in fis- 
tula blood flow in the second, third, or fourth month follow- 
ing creation and that vessel diameter changes very little [40]. 
Given the fact that there is very little change in the fistula 
blood flow or diameter after first month along with the find- 
ing that that AVF maturation can be judged with high accu- 
racy via physical examination, it is recommended that all 
newly created AVF should be evaluated by an experienced 
examiner at 4 weeks [30]. An angiographic study should be 
performed for non-maturing or poorly mature AVF, so that a 
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procedure to mature the AVF can be undertaken, if 
necessary. 


12.6 Assessment of AV Access by Physical 


Examination 


Physical examination of the AV access is easily performed, 

is inexpensive to apply, and provides a high level of accuracy 

[17, 41]. The examination of AV access — both AVF and 

AVG ~ has the following essential components: 

Pulse: A normal AVF should not be pulsatile. When a pulse 
is felt, it is indicative of a downstream obstruction. The 
severity of this obstruction is reflected in the strength of 
the pulse. 

Thrill. A thrill, or bruit, at the anastomosis is indicative of 
flow. When feeling for the thrill (or listening to a bruit), it 
is important to focus on both the diastolic and systolic 
components [17]. Normally, a very prominent continuous 
thrill is present at the anastomosis. A thrill at any point 
other than the anastomosis is indicative of turbulence in 
the flow, indicating a stenotic lesion at that point. With 
stenosis, the diastolic portion of the thrill becomes short- 
ened and will eventually disappear, leaving only the sys- 
tolic component [18]. The thrill generated by a central 
venous stenosis may be palpable in the axillary or subcla- 
vian region, especially in thin-chested individuals. 

Arm elevation: When the extremity is elevated to a level 
above the heart, there should be collapse of the fistula, at 
least partially. If stenosis is present at some point in the 
fistula’s drainage circuit, then the portion of the fistula 
distal (peripheral) to the lesion will stay distended while 
the proximal (central) portion will collapse [17]. 

Pulse augmentation: If the body of the fistula is manually 
occluded several centimeters from the anastomosis, the 
pulse in the fistula distal to that point should become 
hyperpulsatile. This maneuver is referred to as “checking 
the pulse augmentation.” The degree of pulse augmenta- 
tion is directly proportional to the arterial inflow pressure. 
In a hyperpulsatile fistula, the degree of augmentation can 
be used to gauge the degree of stenosis. Although this is a 
subjective assessment, very useful information can often 
be obtained from this evaluation, especially by an experi- 
enced examiner. 

When an abnormality is detected by physical examina- 
tion, further diagnostic evaluation of the access should be 
pursued. The development of an inflow or outflow stenosis 
perpetually results in access dysfunction which can not only 
cause inadequate dialysis but also culminate in access throm- 
bosis with the risk of losing the access permanently. Further 
AV access diagnostic testing can be accomplished by using 
ultrasound imaging or angiography. If a lesion is detected, it 
can be treated by percutaneous endovascular intervention 
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with a high success rate [42]. The interventions include 
angioplasty of a stenosis or ligation of an accessory vein and 
are out of the scope of this chapter. 


12.6.1 Special Considerations Related to AVG 


Examination 
AV graft examination entails the following additional points. 


Detection of Direction of Flow 

The direction of blood flow in an AVG can vary depending 
upon the surgeon’s choice or due to the location of the suit- 
able vessels. If the orientation of the dialysis needles does 
not correspond to the direction of blood flow, a gross recircu- 
lation is unavoidable. The blood flow can be determined eas- 
ily by occluding the graft with the tip of the finger and 
palpating on each side of the occlusion point for a pulse 
(Fig. 12.8). The side without a pulse is the downstream side 
of the graft, also referred to as a venous limb. The upstream 
pulse will increase in intensity during the occlusion, also 
known as the arterial limb. This should also be communi- 
cated to the dialysis staff to ensure proper use of the AVG. 


Detecting Recirculation 

Recirculation occurs when the blood flow of the graft falls 
below the rate demanded by the blood pump. This results in 
varying degrees of reversal of flow between the needles 
depending upon the severity of the recirculation [17]. 
Presence of access recirculation can be detected by simple 
physical examination. To perform this maneuver, simply 
occlude the graft between the two needles while patient is on 
dialysis, and observe the venous and arterial pressure gauges 
(Fig. 12.9). With a normal well-functioning graft, very little 
or no change is observed in either the venous or arterial pres- 
sure readings. If recirculation is secondary to outflow 
obstruction (venous stenosis), the venous pressure will rise 
since the lower resistance, recirculation route has been 
occluded [17]. As pressure limits are exceeded, the alarm 


Fig. 12.8 Detection of direction of flow in a graft. When the graft is 
occluded, the upstream portion (A, arterial limb) continues to be pulsa- 
tile while the downstream portion (V, venous limb) should be non- 
pulsatile (Source: Beathard [17]) 
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Fig. 12.9 The technique of graft occlusion to detect recirculation 
(Source: Beathard [17]) 


will sound and the blood pump will stop. The arterial pres- 
sure may become slightly more negative as the pressure head 
generated by the venous side is no longer transmitted given 
the graft occlusion [17]. If recirculation is due to poor inflow 
(arterial stenosis or insufficiency), arterial pressures with 
become more negative as the blood pump demands more 
blood than is available with the recirculation route cutoff. In 
this instance, the venous pressure may remain unchanged 
[17]. If the needles are too close together, this assessment 
might not be possible. 


Diagnosis of Venous Stenosis 

Unfortunately, venous stenosis is a very common occur- 
rence. A strong pulse or a vigorous thrill is often mislabeled 
as a good access with excellent flow rather than an abnormal 
finding [18]. A well-functioning graft has a soft, easily com- 
pressible pulse with a continuous thrill present only at the 
arterial anastomosis. The normal graft has a low-pitched 
bruit, which is continuous with both systolic and diastolic 
components. With the development of significant venous ste- 
nosis, downstream resistance is increased and the graft 
becomes hyperpulsatile. The increase in the force of the 
pulse within the graft proximal to the stenosis is noted and 
may have a “water-hammer” character particularly in the 
presence of severe stenosis [17]. Similar to the AVF exam, as 
the degree of stenosis increases, the velocity of flow 
increases, and the pitch of the bruit rises, and with severe 
stenosis, the bruit is high pitched and only the systolic com- 
ponent is audible. 

The diagnosis of intra-graft stenosis is even more per- 
plexing. Abnormal thrills are generally not present. In some 
instances, it is possible to detect a change in pulsation within 
the graft as one crosses the stenotic lesion, although this is 
not a uniform finding and often the area distal to the stenosis 
becomes pulseless [17]. Normally, if the outflow of the AVG 
is manually occluded, there is considerable augmentation of 
the pulse. In cases of diffuse intra-graft stenosis, this aug- 
mentation does not occur [18]. The bruit does reflect the 
hemodynamic changes characteristic of a stenotic lesion — it 
is high pitched and of short duration. 


90 


12.7 Secondary AV Fistula Creation 


A SAVF is defined as an AVF that is created following the 
failure of a previous access. Type 1 SAVF utilizes the out- 
flow vein of a previous distal failing AV access. Since this 
vein has been exposed to prolonged pressure and high flow, 
it has already undergone the process of maturation. This 
change makes these veins excellent candidate for the cre- 
ation of an AVF when the primary access fails. In type 2 
SAVF, the fistula can be created anywhere other than the out- 
flow vein of previous AV access, including a different 
extremity. The main advantage of SAVF includes minimum 
or no exposure to catheter. 

A large percentage of patients with dialysis access dys- 
function are excellent candidates for an SAVF. In one study, 
for example, 74 % with a forearm loop graft had one or both 
of the upper arm veins that appeared to be optimum for the 
creation of an SAVF, based on the angiographic images [43]. 

To create an SAVF, the venous anatomy should be evalu- 
ated preferably when the lower arm access is still functioning 
and the veins of the upper arm are under pressure [44]. 
Although, vascular mapping is usually the first step, angio- 
graphic studies are often performed. The 1-year patency rates 
for SAVF are encouraging, with one study reporting the 1-year 
patency rate for SAVF (58 %) although lower than that for 
primary AVF (75 %), and are superior to the reported primary 
patency of the synthetic grafts at 1 year (25-50 %%) [45, 46]. 


Conclusions 

A functioning vascular access is the key to successful 
management of a hemodialysis patient and can be culti- 
vated by early nephrology referral, multidisciplinary col- 
laboration among nephrologist, access surgeon, 
interventional nephrologist/radiologist, and preferably a 
vascular access coordinator. A nephrologist’s knowledge 
and understanding of ESRD patients and their needs 
demands them to attain a lead role in creating and main- 
taining a functional AV access. Once the access is placed, 
physical examination is the key to monitor access matura- 
tion and should be a part of the standard care of dialysis 
patients. Surveillance with access blood flow and venous 
pressures should be used as an “adjunct” and should not 
“substitute” for the monitoring by access examination 
[17, 18]. Providing conscientious and high-quality access 
care will lead to early identification and treatment of 
access-related problems. In addition, it has a great poten- 
tial to reduce morbidity, improve quality of life, and 
reduce costs of health care in the dialysis population. 
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13.1 Introduction 

The superiority of the native arteriovenous fistula (AVF) over 
other types of accesses including arteriovenous graft (AVG) 
and tunneled dialysis catheters (TDC) for chronic hemodialy- 
sis is a well-recognized fact. It has been shown to have supe- 
rior patency rates and lower complication rate including a low 
risk of infection and a lower intervention rate to maintain its 
patency [1, 2]. This is the core reason underlying the develop- 
ment of guidelines and the Fistula First project that have led 
to AVF creation in a majority of patients with end-stage renal 
disease (ESRD). Unfortunately, a considerable number of fis- 
tulas (28-53 %) fail to mature sufficiently to support dialysis 
therapy [3-6]. Failure to mature (FTM) often commits these 
patients to a tunneled dialysis catheter for a variable length of 
time until they have a well-functioning arteriovenous (AV) 
access [3]. In addition to the risk of infection and central 
venous stenosis, the catheters also contribute to inadequate 
dialysis and poor patient outcomes [3]. Therefore, early rec- 
ognition and timely intervention in cases of an AVF with 
FTM are critically important [3]. 


13.1.1 Failure to Mature: Definition 


Fistula failure can be classified as early and late. Early fail- 
ure is a true FTM that refers to the cases in which the AV 
fistula never develops to the point that it can be used or fails 
within the first 3 months of usage [1]. Late failure refers to 
those cases where the AVF fails after 3 months of successful 
usage [7, 8]. Although there might be considerable overlap in 
the causes of both early and late failure, early failure has 
gained significant attention as recent data have demonstrated 
that a great majority of the failed fistulas can be salvaged 
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using percutaneous interventions [9—12]. While it not infre- 
quent to abandon these AVFs with early failure, aggressive 
evaluation and treatment have been shown to result in the 
salvage of vast majority of these accesses [10]. 


13.1.2 Risk Factors for Failure of Maturation 


FTM is a common problem occurring in 28-53 % of native 
AVF [3-6, 13]. Several studies have looked at factors that 
might predict fistula maturation. Preoperative vascular map- 
ping has been shown to improve the rate of fistula placement 
and overall surgical success rate [14-16]. Creation of AVF 
using very small arteries (e.g., < 1.6 mm in diameter) and veins 
is likely to fail, although the precise cutoff hinges on the avail- 
able surgical experience and expertise [14]. Perhaps the most 
critical determinant of fistula maturation is the functional abil- 
ity of the artery and vein to dilate and achieve a rapid increase 
in blood flow after surgery [14]. Several studies have shown 
that postoperative flow rate measured by Doppler ultrasound in 
a forearm fistula is a moderately good predictor of fistula matu- 
ration [17, 18]. In addition, these studies have reported using a 
cutoff between 400 and 500 ml/min at 2-8 weeks as a predictor 
of fistula maturation. Clinical examination of the fistula may be 
as accurate as Doppler flow measurements [17—19]. Other pre- 
dictors of AVF failure include age >65 year, diabetes, female 
gender, and high body mass index (>27), although in the major- 
ity of the patients with early FTM, anatomic abnormalities as 
detected by angiography are present [1]. 


13.1.3 Causes of Early Fistula Failure 


Fistulas can fail to mature for a number of reasons 

including: 

1. Inflow problems: poor arterial inflow and juxta- 
anastomotic venous stenosis (JAVS). 

2. Outflow problems: failure for the vein to “‘arterialize” and 
presence of large and/or multiple accessory veins. 
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3. Other technical factors at the time of surgery: a deep fis- 
tula, although mature, might not be easily accessible for 
cannulation and may require transposition in order to sup- 
port dialysis adequately. Majority of these causes can and 
must be identified early in order to salvage the AVF, fre- 
quently using percutaneous interventions. 


Inflow Problems 

A good inflow is critical for fistula maturation and for attain- 
ing adequate flow rates to deliver dialysis. After AVF cre- 
ation, the arterial flow is expected to increase, with increasing 
arterial diameter and changes in flow pattern [14]. Vascular 
remodeling and dilation are typically attained by longitudi- 
nal shear stress and circumferential deformation, in the 
milieu of vasoactive factors [14, 20]. This process may con- 
tinue over a long period of time and contributes to matura- 
tion. Rarely, a small-size artery or presence of arterial disease 
such as atherosclerosis can result in early fistula failure. 
However, this can be identified and prevented by a compre- 
hensive patient evaluation prior to access placement. 

JAVS is one of the most common causes of maturation 
failure in angiographically evaluated AVF [15] (Fig. 13.1). 
Although precise etiology is not clear, it is postulated that the 
JAVS occurs in the swing segment of the vein, where the 
vein is mobilized to connect with the artery and suffers 
stretching, torsion, and spasm [21]. It is unclear as to what 
extent these factors contribute to JAVS; however, the net 
effect of JVAS is to reduce fistula inflow. JVAS often occurs 
early in the process and often results in early access failure. 
In one single-center retrospective study, the authors reported 
their 12-year experience of radiological management of ste- 
nosis and thrombosis in both AVF and AVGs [22]. Of the 
total 283 patients with AVF, majority of the patients had 
forearm AVF (74 %) and 74 patients had upper arm AVF. In 
patients with forearm AVF, JVAS was present in almost half 
of these patients leading to an inflow problem (Fig. 13.2a). 
However, of the 74 patients with the upper arm AVF, outflow 
venous stenosis was predominantly reported in 55 % of cases 


Accessory veins 


Fig.13.1 Fistulogram of 
radiocephalic AVF showing 
arteriovenous anastomotic 
stenosis and juxta-anastomotic 
stenosis of cephalic vein and 
accessory veins in the forearm 
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(n=41) (Fig. 13.2b). The vast majority of the stenoses (86 %) 
were less than two cm long [22]. Fortunately, JVAS is ame- 
nable to treatment. It can generally be successfully treated by 
percutaneous angioplasty surgically [1, 10, 23]. A retrospec- 
tive analysis of prospectively collected data compared out- 
comes and cost of surgery (n=21) and percutaneous 
transluminal angioplasty (PTA) (n =43) for JAVS in a total 
of 64 patients [24]. Although the results showed similar cost 
and success rate, adjusted relative risk was 2.77 for resteno- 
sis within the PTA group. The primary l-year unassisted 
patency rate for surgery was 91+6 % as compared with 
54+8 % with PTA, although adjusted-assisted primary 
patency rates were similar in the two groups. The surgical 
approach that had the advantage of less restenosis however 
was more invasive, involved small but significant risk of loss 
of venous capital, and was associated with a higher median 
cost, primarily because of the procedure-related hospitaliza- 
tion. It is important to note that the study was not random- 
ized and only included patients with mature AVF based on 
the choice made on the basis of available expertise and tech- 
nical facilities as suggested by the authors. It is worth reem- 
phasizing that JAVS can be easily diagnosed by physical 
examination [25, 26]. 


Outflow Problems 

Venous dilatation ensues after AVF creation, initially as a 
result of increased venous pressure and later because of the 
increase in flow-mediated shear stress [14, 15]. For an AVF 
to develop and provide satisfactory hemodialysis, there must 
also be sufficient blood flow through the outflow vein. The 
absence of good outflow will result in failure of the access. 
Anomalies that lead to outflow problems include veins that 
are too small for fistula development, veins that are fibrotic 
or stenotic, or presence of side branches, referred to as acces- 
sory veins. Failure of the dilation of outflow vein has been 
suggested to be a common cause of maturation failure [27]. 
Venous stenosis causes failure of the majority of AVF, and 
endovascular techniques have become popular in the treat- 
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Fig. 13.3 (a) Cephalic vein in forearm with severe stenosis that can be angioplastied for maturation of AVF. (b) Cephalic vein in forearm after 
angioplasty leading to maturation of AVF 


ment of most venous stenoses (Fig. 13.3a, b). However, 
recurrent lesions remain problematic, especially with long 
segment of severely narrow lesions [28]. Close surveillance 
and repeated interventions are generally required to maintain 
patency, although the restenosis at 6 month is significantly 
less with AVF, compared with AVG [29]. 

Although, a single cephalic vein stretching from the wrist 
to the antecubital space is preferred, in many cases, it may be 
accompanied by one or more accessory veins [25]. These 
accessory veins are normal anatomy. All of the veins receiv- 
ing the drainage from the newly created anastomosis enlarge 
after creation of AVF, and a small accessory vein may 


become enlarged with time. The accessory veins must be dis- 
tinguished from the collateral veins which are pathological 
and are associated with a downstream (antegrade) stenosis. 
Ideally the presence of an accessory vein may be viewed as 
an advantage since it might provide an additional venous 
channel suitable for cannulation. However, when large 
(>25 % of the diameter of main AVF), these can steal enough 
blood flow so that the main fistula channel does not dilate, 
often resulting in early AVF failure [25, 30] (Fig. 13.4). The 
accessory veins can often be diagnosed by physical examina- 
tion [31, 32]. Frequently they are visible or can be detected 
by palpating the fistula. Also, the thrill that is palpable over 


Fig. 13.4 Fistulogram of forearm radiocephalic AVF showing multi- 
ple large accessory veins 


Fig. 13.5 Physical examination of accessory vein. When the fistula is 
occluded at point A, the thrill will disappear at the anastomosis. As the 
point of occlusion is moved upward past the accessory vein to point B, 
the thrill will continue when the fistula is occluded (Adapted from 
Beathard [25]) 


the arterial anastomosis usually disappears when the down- 
stream (antegrade) fistula is manually occluded, but it does 
not disappear if an outflow channel (accessory vein) is pres- 
ent below the point of occlusion [25] (Fig. 13.5). Ligation of 
these accessory veins will redirect the flow to the main chan- 
nel and promote the development of a usable AVF [1, 10]. 
Accessory veins together with the JAVS represent the two 
most common causes of early AVF failure [33, 34]. These 
two lesions are often present simultaneously [22, 35]. 


13.1.4 Identification and Management of Early 
AVF Failure 


Identification of patients who are at risk of early AVF failure 
is critical in order to perform timely intervention to salvage 
the AVF [1, 15]. Physical examination of the AV access is 
not only easy to perform and inexpensive, it provides a high 
level of accuracy [25, 36]. Both accessory veins along with 
JAVS can be easily identified by a thorough physical exami- 
nation of the AV access [7]. Please refer to the chapter on 
“Approach to an AV Access” for details regarding access 
examination. While ultrasonography can identify these 
lesions successfully, it is not readily available in all centers 
and is not free of added cost. 

Given the fact that there is very little change in the fistula 
blood flow or diameter after the first month along with the 
finding that AVF maturation can be judged with high accu- 
racy via physical examination, it is recommended that all 
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newly created AVFs should be evaluated by an experienced 
examiner at 4 weeks [1, 10, 37, 38]. An angiographic study 
must be performed for non-maturing or poorly mature AVF 
[3]. In patients who have not initiated dialysis, there is often 
aconcern with use of radiocontrast. However, a small amount 
of contrast use has been shown to be safe in the evaluation of 
AVF. 

An early identification and intervention approach is criti- 
cal to the successful maturation of AVF for two reasons. 
First, a majority of fistulas with early failure demonstrate 
stenotic lesions within the access circuit [1, 10, 11]. In addi- 
tion, vascular stenosis is a progressive process eventually 
culminating in access thrombosis, with the risk of perma- 
nently losing the access. Failure to act promptly in these 
AVFs will result in a loss of the opportunity to salvage an 
AVF. Second, those patients with early fistula failure are 
often committed to a tunneled dialysis catheter exposing 
them to all the dreaded complications of catheter use. Hence, 
early intervention to identify and salvage early AVF failure 
becomes an important part of preventing AVF loss and 
minimizing complications related to tunneled dialysis cath- 
eters. Such an approach also supports the “catheter last” 
approach that the experts advocate. 


13.1.5 Specific Interventions 


Once a patient with early AVF failure has been identified, 
appropriate action to salvage the AVF should be taken in a 
timely manner. As previously mentioned, studies have dem- 
onstrated that the two most common problems observed in 
early AVF failure are the presence of stenosis and accessory 
veins [9-11]. Fortunately, a great majority of these failed 
fistulas can be salvaged using percutaneous techniques [1, 
11, 39]. 


13.2 Angioplasty 
Endovascular intervention to salvage an immature or failing 
AVF has become routine. Using radiocontrast, an angiogram 
of the AVF (commonly termed as “fistulogram’”’) is done to 
diagnose the presence of anatomic abnormalities, which can 
commonly be treated with percutaneous transluminal angio- 
plasty (PTA). PTA is typically indicated when there is >50 % 
stenosis of AVF or AVG [15, 32]. In addition, an inflow 
lesion, if identified, may be amenable to PTA via a retrograde 
fistula approach. In a prospective observational study, 100 
patients with early failure underwent evaluation and treat- 
ment at six freestanding outpatient vascular access centers 
[1]. Vascular stenosis and the presence of a significant acces- 
sory vein alone or in combination were found to be the most 
common offenders. Venous stenosis was present in 78 % of 
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the cases. A majority (48 %) of these lesions were found to 
be close to the anastomosis (JAVS). A significant accessory 
vein was present in 46 % of the cases. Percutaneous balloon 
angioplasty and accessory vein obliteration using one of the 
three techniques (percutaneous ligation using 3/0 nylon, 
venous cut down, or coil insertion) were used to salvage the 
failed AVF. Angioplasty was performed with a 98 % success 
rate, and there was 100 % success rate for accessory vein 
ligation. These interventions resulted in dialysis initiation 
using the AVF in 92 % of the cases [1]. Upon further analy- 
sis, 84 % of the AVF were functional at 3 months, 72 % at 6 
months, and 68 % at 12 months [1]. The overall complication 
rate in this series was 4 %, exclusively seen in patient who 
underwent angioplasty. Of these, only one patient (1 %) had 
a major complication consisted of a vein rupture with an 
expanding hematoma resulting in loss of the access. The 
three minor complications included low-grade hematomas 
requiring no treatment and no sequelae [1]. 


Accessory/Branching Vein Ligation 


13.3 


Ligation of the accessory veins can be performed surgically 
or percutaneously with suture ligation and/or embolization. 
Suture ligation is useful in patients with superficial acces- 
sory veins given minimal distance for subcutaneous dissec- 
tion [40]. Coils within superficial veins can be irritating to 
patients and possibly erode through the skin. However, coil 
embolization is preferred in those with deep accessory veins 
as cutdown suture ligation is more difficult with potential 
risks of nerve/muscle and tendon injury [40]. Using a percu- 
taneous ligation technique, a separate report also described 
accessory vein ligation of fistulas that failed to achieve ade- 
quate blood flow or size for successful cannulation. Authors 
reported that of the 17 AV fistulas, 15 (88 %) successfully 
matured at 1.7 months (+1 month) after the procedure and 
were functioning at 44.5 (+12 weeks) after the first use [9]. 
In another series of 119 patients with AVF complicated by 
maturation failure, 29.4 % had a significant accessory vein 
but that was the sole cause of AVF dysfunction in only 3.4 % 
[39]. The AVF salvage rate for all lesions was 83 % in this 
series. These reports suggest that early intervention for mat- 
uration failure can salvage a majority of AVF using endovas- 
cular techniques [1, 11, 15]. 


13.4 Sequential Dilation 

Occasionally early fistula failure is found due to a long seg- 
ment of the vein which is diffusely small or stenosed. Recent 
reports have highlighted a newer technique (sequential dila- 
tion or balloon-assisted maturation) to salvage an AVF that 
fails to develop because of diffuse stenosis [5, 41]. In this 
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technique, the AVF is gradually dilated with a progressively 
increasing size of angioplasty balloon at 2- to 4-weeks inter- 
vals until a size that is optimal for dialysis cannulation is 
achieved. The goal is to progressively dilate the outflow vein 
to a point that it is usable for repetitive cannulation and will 
also deliver adequate blood flow. Dilation time is typically 
<20 s mainly to reduce the chance of thrombosis [40]. In 
addition, shutting down or occluding flow to the AVF by 
compressing the anastomosis during vein dilation is recom- 
mended to prevent venous tears resulting in blood leaking 
out subsequently causing ecchymosis [40]. In addition, bal- 
loon dilation is usually performed starting from the central to 
the peripheral vein to reduce the likelihood of blood extrava- 
sation as it is easier to pull back a balloon than push it for- 
ward [40]. 


13.5 Surgical Techniques 

Surgical interventions include patch angioplasty, creation of 
a combination of fistula and graft (“graftula”), creation of a 
new anastomosis for a juxta-anastomotic lesion, and superfi- 
cialization procedures [3, 40]. However, large-scale random- 
ized prospective studies examining the role of surgical 
approach in the salvage of AVF with early failure are lack- 
ing. Inability to navigate the wire across a stenotic lesion 
during percutaneous approach and deep location of an AVF 
are some of the indications for surgical intervention [3]. 


13.6 Stents in AV Access 

Stents have a very limited role in salvage of immature AVF. 
When dealing with the stenosis, patients with >30 % residual 
stenosis after PTA of venous stenosis or those with recur- 
rence of the stenosis within 3 months and requiring repeated 
intervention should be considered for a stent placement [15]. 
Stents can also be useful in the case of vessel rupture during 
angioplasty that does not respond to conservative measures. 
However, the latter is generally associated with poor primary 
patency [42]. Stents can also be used when PTA has failed 
and surgery is not feasible due to a variety of reasons. 
Although stents have been used in coronary and peripheral 
arterial circulation with decent success, dialysis access dem- 
onstrates unique pathologies being in a venous circulation. 
Self-expanding rather than balloon-expanded stents are com- 
monly used for VA [43]. These include bare metal stainless 
steel stents or nitinol shape memory alloy recoverable tech- 
nology (SMART) stents that are made of nickel titanium 
alloy [15]. These have physical characteristics that allow 
more deformability as compared with bare metal stents. 
Stent grafts are composed of nitinol skeleton covered by 
graft material on both sides. Stents available until recently 
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have been used off-label to improve patency in patients with 
VA stenosis, primarily in AVG, with variable results. Stent 
placement has several disadvantages including migration, 
fracture, and in-stent restenosis [15]. Infectious complica- 
tions are usually not evident until many days after the proce- 
dure [44]. In addition, due to the stent placed in the venous 
segment, loss of vein length may jeopardize future AVF cre- 
ation [15]. Despite the recent advances in knowledge, both 
technical and theoretical, the role of stent placement in the 
management of hemodialysis access dysfunction remains 
controversial. It will remain so until large, multicenter, pro- 
spective, randomized, controlled trials are conducted [44]. 
Stent placement should be utilized only after considering the 
type, location, and frequency of recurrence of the lesion. 
Possibility of a secondary AVF must be considered to avoid 
the loss of available venous length from stent placement. 


13.7 Thrombectomy 

If the immature AVF is thrombosed, then one can perform a 
thrombectomy with simple PTA maceration of the clot in 
most cases [5]. There is typically a minimal amount of 
thrombus usually located at the juxta-anastomotic region. 
Use of heparin is typically indicated. The treatment should 
also include prompt detection and treatment of the underly- 
ing anatomic abnormality and evaluation and management 
of outflow, including central veins. Percutaneous declotting 
of AVF is more difficult than declotting of AVG, with suc- 
cess rates that vary between 73 and 96 % in published litera- 
ture [45]. With the advent of new technology and growing 
expertise in the field on interventional nephrology, the results 
of percutaneous techniques have improved significantly and 
are now comparable to surgical thrombectomy with restor- 
ing AVF patency in >90 % of cases [46]. However, the results 
seem to vary with operator experience and available 
resources. 


13.8 Prevention of Early FTM 

Appropriate preoperative evaluation of the patients prior to 
AVF creation will not only increase chances of AVF creation 
but also of AVF maturation. Use of physical examination, 
ultrasonography, and occasional venography are recom- 
mended based on individual case. Use of certain pharmaco- 
logic agents, especially the antiplatelet agents, has been 
noted to be associated with improved survival of AVF but 
has not been proved conclusively to improve the use of AVF 
in randomized controlled trials despite reduction in AVF 
thrombosis [47—50]. Many novel therapies are being evalu- 
ated to improve maturation of AVF. Local delivery of endo- 
thelial cells as a wrap can reduce development of neointimal 
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hyperplasia at the arteriovenous anastomosis [51]. 
Perivascular wraps of antiproliferative agents (paclitaxel) 
and gene therapy with adenoviral vectors have been tried 
[52]. Use of venous and arterial allografts as well as decel- 
lularized xenografts has been tried in those with unsuitable 
veins. Better hemodynamics by way of using a premade arte- 
riovenous anastomosis is also being tried in clinical studies. 


Conclusion 

It is crucial to evaluate a newly created AVF at 4—6 weeks 
after placement to identify candidates with early AVF 
failure. Physical examination is a simple but efficient 
modality of identifying such candidates. Once identified, 
these patients then should be referred to an interventional- 
ist for evaluation and appropriate intervention. Delays in 
such intervention may result in the delivery of dialysis 
with a tunneled dialysis catheter, rendering the patient 
susceptible to higher complications as well as to a risk of 
eventual thrombosis leading to permanent loss of access. 
By use of the percutaneous endovascular techniques such 
as balloon angioplasty and vein obliteration, majority of 
early fistula failures can be rescued. 
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Approach to an Arteriovenous Access 
with Hyperpulsatile Pulse 


Tushar J. Vachharajani 


Physical examination of dialysis vascular access is a skill 
easy to master and implement in clinical practice by every- 
one involved in the care of dialysis patients [1]. In the USA, 
the Centers for Medicare and Medicaid Services mandate all 
dialysis vascular access be examined before each treatment 
[2, 3]. Arteriovenous fistula (AVF) remains the preferred per- 
manent dialysis vascular access. An established well- 
functioning AVF generally is less problematic when 
compared an arteriovenous graft. The common problems 
associated with an established AVF include (but not limited 
to) stenosis in the outflow and inflow segments, aneurysm 
formation in the body of an AVF, central vein stenosis, and 
infection. Stenosis is a relentless pathology that continues to 
progress unless diagnosed early for timely intervention with 
the currently available option of performing percutaneous 
endovascular angioplasty. Left untreated, stenosis will even- 
tually progress to reduction of blood flow and thrombosis. 
In order to perform a detailed physical examination of an AVF, 
it is essential to understand its basic segments. The different seg- 
ments of an AVF are described earlier in the chapter — Approach 
to Arteriovenous Fistula with Faint Thrill. In this chapter, the 
approach to an AVF with hyperpulsatile will be discussed. 


14.1 Defining Hyperpulsatile Pulse 
The palpation of an AVF involves feeling for the pulsations 
and thrill. A normal fistula is soft, compressible with a soft 
continuous thrill all along its outflow segment. 

In the presence of stenosis in the outflow segment, the 
pulsation in the segment distal to the stenosis has a strong 
bounding character, provided the inflow segment is widely 
patent (Fig. 14.1). The thrill in a hyperpulsatile outflow seg- 
ment is diminished or absent. 
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14.2 Etiology of Hyperpulsatile AVF 


The hyperpulsatile pulse develops by and large due to the 
development of stenosis in the outflow segment with a patent 
inflow segment. The exact pathophysiology behind the devel- 
opment of stenosis is as yet unclear, but neointimal hyperpla- 
sia has been implicated in majority of cases [4]. Infrequently, 
in a high-flow fistula (defined as blood flow more than 2 L/ 
min), the outflow segment may appear to be hyperpulsatile. 
The strong character to the pulse is because of a large volume 
of blood flowing through a small-capacity outflow vein. The 
upper arm AVF is more likely to feel hyperpulsatile due to 
high flows compared to the forearm AVF. 


14.3 Clinical Findings Associated 
with Hyperpulsatile AVF 


The hyperpulsatile AVF is often accompanied by various 
clinical findings that can assist in the diagnosis of outflow 
segment stenosis. Table 14.1 summarizes the clinical find- 
ings that are described in details below. 


14.3.1 Arm Elevation Test 


A simple arm elevation test can provide additional clinical 
finding to confirm outflow segment stenosis. In an AVF with 
a patent outflow segment with arm elevation, the entire out- 
flow segment collapses. In the presence of outflow segment 
stenosis, the segment distal to the stenosis remains distended 
and firm (Fig. 14.2) [3]. 


14.3.2 Thrill 
A thrill is the vibrations that are easily palpable over an 
AVF. A normal thrill is fine, continuous, and best felt at the 


arteriovenous anastomosis and transmitted along the outflow 
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Fig. 14.1 Panel a: Normal 
outflow segment with a 
continuous thrill and soft 
pulsations. Panel b: Stenosis in 
the outflow segment with 
hyperpulsatile segment distal to 
the stenosis (shown with dashed 
lines) 


Cophalic v. 
(outflow) 


Radial a. 
(inflow) 


Table 14.1 Clinical findings associated with hyperpulsatile pulse and 
outflow stenosis 


1. Arm elevation test — distended distal segment and flattened 
proximal segment 


2. Thrill — absent over the distal segment and strong over the 
stenotic segment 


3. Bruit — high pitched over the stenosis, occasionally with 
“whistle-like” character 


4. Prolonged bleeding from needle puncture sites 


Nn 


. Frequent dialysis venous alarms due to high venous pressures 
6. Development of aneurysms — if left untreated 


segment. The vibrations over the stenosis are strong and eas- 
ily palpable and tend to disappear as one moves the finger 
proximally along the outflow segment. The segment distal to 
the stenosis may not have any vibrations as the segment is 
firm and pulsatile. 


14.3.3 High-Pitched Bruit 


A bruit is the sound accompanying a thrill. A normal bruit is 
soft pitched and continuous during the entire cardiac cycle. 
In case of outflow stenosis, the bruit tends to be high pitched 
in character and is primarily heard during the systolic phase 
of the cardiac cycle. The bruit over a severely stenosed seg- 
ment may have a “whistle-like” character that is very easy to 
identify [3]. 


14.3.4 Prolonged Bleeding 


Besides presenting with a bounding pulse in an AVF, 
patients with outflow segment stenosis can present with pro- 
longed bleeding when the dialysis needles are withdrawn 
after completion of treatment. The bleeding from the needle 
puncture site generally stops if adequate and appropriate 


OUTFLOW: normal 
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OUTFLOW: stenosis 


Cophalic v. 
(outflow) 


Radial a. 
(inflow) 


Distended 


Stenosis 


Collapsed 


Fig.14.2 Arm elevation test — outflow stenosis with distal distended seg- 
ment and proximal collapsed segment (Reprint from www.fistulafirst.org) 


pressure is applied for 10-15 min. In the absence of coagula- 
tion deficiencies (thrombocytopenia, therapeutic anticoagu- 
lation), if the bleeding continues for longer period, one needs 
to rule out outflow segment stenosis. 


14 Approach to an Arteriovenous Access with Hyperpulsatile Pulse 


14.3.5 High Dialysis Venous Pressures 


The venous pressures on the dialysis machine remain elevated 
despite proper needle placement and in the absence of any 
kinks in the extracorporeal dialysis circuit. In the USA, the 
average blood pump speed is maintained at 350-400 mL/min 
with a well-functioning AVF. The venous pressure recorded 
with this blood flow is generally less than 200 mmHg. In the 
presence of stenosis, the high venous pressures cause the 
venous safety alarm to trip frequently stopping the blood pump. 


14.3.6 Development of Aneurysm 

The constant elevated back pressure causes the venous seg- 
ment distal to the stenosis to dilate and lead to formation of 
an aneurysm. 

14.4 Treatment Approach 

Stenosis tends to progress unless treated in a timely manner. 


The progression of stenosis can lead to decrease in blood 
flow and eventual thrombosis and potential loss of an AVF. 
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The algorithm in Fig. outlines the common clinical 
approach to manage patients with hyperpulsatile AVF. 

Regular and complete physical examination of an AVF 
before each dialysis therapy remains the corner stone for 
early diagnosis. Once the outflow stenosis is suspected on 
clinical examination, close attention to associated clinical 
findings can help confirm the clinical suspicion. The next 
step is to refer the patient for a fistulogram for possible 
endovascular intervention, which remains the current 
treatment of choice for most patients. Treating stenosis 
with percutaneous angioplasty involves minimal morbidity 
as compared to an open surgical treatment. Endovascular 
procedures can be safely performed in an outpatient set- 
ting with patient returning to regular dialysis treatment on 
the same day. 

Venous outflow stenosis tends to recur and needs proper 
monitoring and surveillance protocols in place to prevent 
progression to thrombosis. Outflow stenosis that tends to 
recur at short interval (<3months) or with significant (>30 %) 
elastic recoil of intimal tissue may need to be evaluated for 
possible stent placement. The interventionalist performing 
these invasive procedures needs to be well versed with the 
current guidelines from KDOQI regarding the indications 
for stent placement. An example of recurring stenosis in a 


Fig. 14.3 Recurrent outflow stenosis (marked by white chevron) in a transposed basilic vein—brachial artery fistula in the right upper arm. Panels 
1, 2, and 3 show the successful outcome of percutaneous angioplasty. Panel 4 shows the recurrence of the stenosis in 3 months 
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Fig. 14.4 Algorithm for management of hyperpulsatile arteriovenous 
fistula (AVF). PTA Percutaneous angioplasty, LV Left ventricular 


transposed basilic vein—brachial artery AVF is shown in 
Fig. 14.4. 

An upper arm AVF generally has a higher access blood 
flow compared to forearm AVF. The average blood flow 
reported in a study of 96 patients comparing access blood 
flow in the upper arm and forearm AVF was 1.58 vs. 0.94 L/ 
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min. An AVF with flows exceeding 2 L/min is considered to 
be a high-flow AVF. AVF with flows greater than 2 L/min 
can increase the risk of developing high-output cardiac 
failure [5]. 

Hyperpulsatile AVF without other clinical indications to 
suspect outflow stenosis can be due to high access flow. The 
measurement of AVF flow using either Doppler ultrasonog- 
raphy or transonic dilution technique can help confirm the 
diagnosis of high-flow AVF. Patients with underlying car- 
diac disease and poor left ventricular function with high- 
flow AVF may need further intervention to reduce the access 
blood flow. Patients at high risk of cardiac decompensation 
may benefit with procedures targeted towards reducing the 
access blood flow. In rare situation, an AVF may need to be 
ligated to preserve cardiac function. 
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Approach to an Arteriovenous Access 


with a Faint Thrill 


Tushar J. Vachharajani 


A well-functioning dialysis vascular access is crucial for 
providing adequate hemodialysis treatment. Arteriovenous 
fistula (AVF) remains the preferred vascular access among 
all the other available options, which include arteriovenous 
graft (AVG), central venous catheters (CVC), or a hybrid 
access (combination of AVF-AVG or AVG-CVC). Low inci- 
dence of infections and thrombosis and lower maintenance 
costs are the primary reasons to prefer AVF over other vascu- 
lar access types [1—4]. Once the initial challenge to attain a 
mature and functional AVF is overcome, maintaining its 
patency is relatively easy as compared to AVG. 

Arteriovenous fistula is commonly created in the upper 
extremity either in the forearm or in the upper arm using 
native vessels. AVF in the lower extremity is uncommon but 
can be created in select group of patients. The common sites 
for AVF creation are listed in Table 15.1 [5, 6]. 

The clinical practice guidelines from the Kidney Dialysis 
Outcomes and Quality Initiatives recommend establishing a 
monitoring program for early identification of dysfunctional 
AVF [7]. Monitoring is defined as performing a detailed 
physical examination of the vascular access and remains a 
key component in the evaluation of an AVF. Physical exami- 
nation is a simple, cost-effective, reproducible, and a validated 
tool that can be effectively utilized for the assessment of an 
AVF. Physical examination can be easily performed on every 
dialysis patient and is mandated in the USA as per 2008 
requirements established by the Centers for Medicare and 
Medicaid Services [6, 8]. An experienced dialysis nurse can 
diagnose a mature AVF with 80 % accuracy by physical 
examination alone, a fact validated with ultrasound evalua- 
tion of 69 patients with a newly placed AVF [9]. 

Several studies have confirmed the value of this bedside 
tool in accurately diagnosing both the inflow and outflow 
stenoses in an AVF with 85-90 % sensitivity and 75-80 % 
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specificity [10-12]. The physical examination performed by 
a nephrology fellow after 4 weeks of intense training has 
been shown to be 100 % sensitive and 78 % specific for 
inflow stenosis and 76 % sensitive and 68 % specific for out- 
flow stenosis [13]. 


15.1 Components of an Arteriovenous 


Fistula 


An AVF is a continuous circuit and not merely a surgical 
anastomosis between an artery and vein. The circuit starts at 
the heart and ends at the heart, and examining the entire cir- 
cuit is absolutely essential to evaluate an AVF. Besides the 
right and left side of the heart, the other components of AVF 
are the entire arterial and venous system of the extremity and 
the central veins. An AVF can be examined in three segments 
(Fig. 15.1): (a) the inflow segment includes the feeding 
artery, the arteriovenous anastomosis, and the juxta- 
anastomotic region; (b) the main body includes the cannula- 
tion segment that is used to access an AVF during 
hemodialysis; and (c) the outflow segment includes the veins 
(including the central veins) proximal to the main body that 
return the blood to the heart. 


15.2 Physical Examination 
of an Arteriovenous Fistula 


15.2.1 Normal Findings 


A normal AVF is soft and compressible. A distinct pulse with 
a continuous thrill is present at the inflow segment and along 
the majority of the body of the AVF. The thrill tends to dis- 
sipate as the palpating finger is moved proximally along the 
outflow segment. On auscultation the bruit is a low-pitch 
sound heard during the entire cardiac cycle. The bruit is 
loudest at the arterial anastomosis and fades along the out- 
flow segment. 
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Table 15.1 Common sites for arteriovenous fistula creation 


Site Artery Vein 

Upper extremity — forearm 

Snuff-box Radial Forearm cephalic 
Radiocephalic Radial Forearm cephalic 
Transposed radio-basilic Radial Forearm basilic 


(transposed to volar 


surface) 

Proximal forearm Proximal radial Deep forearm 
perforating 

Transposed brachiocephalic Brachial Forearm cephalic 
(transposed as 
loop) 

Upper extremity — upper arm 

Brachiocephalic Brachial Upper arm cephalic 

Transposed brachiobasilic Brachial Transposed basilic 

Lower extremity 

Saphenofemoral Femoral Saphenous 


Fig. 15.1 Three segments of an arteriovenous fistula — inflow, body, 
and outflow 


15.2.2 Augmentation Test 


A feeble pulse at the inflow segment accompanied by a faint 
thrill is an abnormal finding that needs further evaluation 
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Inflow augmentation: 
NORMAL 


Cephalic v. 
(outflow) 


Radial a. 
(inflow) 


Inflow augmentation: 
POOR 


Cephalic v. 
(outflow) 


Radial a. 
(inflow) 


Fig. 15.2 Augmentation test — palpate the segment of the vein between 
the point of manual occlusion and the anastomosis. Panel a—Hyperpulsatile 
segment shown as distended and dashed segment with patent inflow seg- 
ment. Panel b — Poor augmentation in presence of inflow stenosis 


with an “augmentation” test. The test is performed by manu- 
ally occluding the outflow in the main body of the AVF. The 
pulse in the inflow segment gets strong and forceful, also 
called “water hammer pulse” in a normal well-functioning 
AVF. In a dysfunctional AVF, the manual occlusion of the 
outflow fails to augment the inflow segment suggestive of 
inflow pathology. The augmentation test is schematically 
shown in Fig. 15.2. The thrill and bruit accompanying a fee- 
ble pulse are proportionately faint. Additionally, the bruit 
may be heard only during the systolic phase of the cardiac 
cycle [14]. 
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Table 15.2 Etiological factors for a faint thrill in an arteriovenous 
fistula (AVF) 
Cardiac 
Poor left ventricular function and low ejection fraction 
Congestive heart failure 
Feeding arteries 
Extensive atherosclerotic peripheral arterial disease 
Localized stenosis in the proximal arteries 
Stenosis at the arteriovenous anastomosis 
Poor surgical technique in a new AVF 
Neointimal hyperplasia in an established AVF 
Stenosis in the juxta-anastomotic segment 
“Swing-site” segment stenosis 
Neointimal hyperplasia 


15.3 Etiology of a Faint Thrill 


A faint thrill on physical examination with failed augmen- 
tation test localizes the pathology to the inflow segment. 
The thrill is produced because of the turbulence created by 
the blood flowing from an artery with high pressure across 
the arteriovenous anastomosis into a thin-walled vein with 
low pressure. The high pressure in the artery is maintained 
by a well-functioning cardiac pump. Any pathology that 
can compromise any of these components will lead to a 
physical examination finding of weak pulse and faint 
thrill. The common etiological factors are listed in 
Table 15.2. 

Hemodynamic status and uremic milieu are key compo- 
nents to maintaining AVF patency. A generally accepted 
clinical practice dogma is for patients to have a minimum 
systolic blood pressure of 100 mmHg for AVF to mature. 
Once an AVF matures, the incidence of AVF dysfunction, 
especially thrombosis, is frequent with hypotensive episodes 
during dialysis, highlighting the importance of hemody- 
namic factors [15]. 

In a newly created AVF, small vessel size and poor surgi- 
cal technique often lead to early development of stenosis at 
the anastomosis site resulting in faint thrill on clinical exami- 
nation [16]. “Swing site” is the segment of the vessel that is 
mobilized to create the anastomosis, which for radiocephalic 
and brachiocephalic fistulas is the juxta-anastomotic region. 
“Swing site” segment stenosis accounts for 65—70 % of early 
AVF maturation failures [17]. 

A fully matured AVF generally needs much less attention 
compared to AVG. Nevertheless, stenosis remains a major 
hurdle for long-term patency of AVF. Stenosis is frequently 
seen at the juxta-anastomotic region secondary to neointimal 
hyperplasia and smooth muscle cell proliferation. As yet, the 
exact pathophysiology behind neointimal hyperplasia 
remains unclear [18, 19]. 
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15.4 Practical Approach for Timely 
Intervention 


Inflow segment pathology can be identified with frequent 
physical examination of an AVF. A newly created AVF gen- 
erally matures to support hemodialysis treatment in 8—12 
weeks after the surgery. An AVF with blood flow of 500- 
600 ml/min and luminal diameter of 6 mm is considered to 
be mature enough to support regular dialysis treatments. 
KDOQI clinical practice guidelines recommend everyone 
involved in the care of dialysis patients to be proficient in the 
physical examination of an AVF. A simple algorithm based 
on whether an AVF is new or established can assist with 
identifying the problem sooner for timely intervention. 


15.4.1 New AVF 


A successful AVF undergoes changes that are predictable 
with incremental increase in blood flow and vessel size over 
a 4—6-week period after the surgery. All newly created AVFs 
need to be examined at least by 6 weeks to identify a failing 
maturity process. Further management and intervention in a 
newly created AVF with faint thrill is outlined in Fig. 15.3. 
The examination of a newly created AVF should be per- 
formed by a skilled personnel and include an “augmentation 
test.” If the augmentation test is negative, further testing 
involving either an ultrasonography or an angiography can 
help identify the problem for timely intervention. Ultrasound 
evaluation is a noninvasive test but can help only with con- 
firming the physical examination findings. Moreover, the test 
adds to the overall cost of care. Angiography is a definitive 
test that can help identify the stenosis and correct the pathol- 
ogy by simultaneously performing an angioplasty. Inflow 
stenosis is a very commonly diagnosed problem, and early 
intervention has helped salvage a great majority of early 
failed AVF. In a study of 100 cases with early AVF failure, 
78 % had significant stenosis identified as an etiology for 
poor maturation. Percutaneous angioplasty was successful in 
98 % of these cases, and 92 % of AVFs were successfully 
salvaged following intervention [20]. 

If the augmentation test is positive at 6 weeks, an AVF can 
be monitored regularly at 1-2-week intervals for a maximum 
of 12 weeks. If at the end of 12 weeks, an AVF remains 
immature, then further investigation with fistulography 
should be considered. Waiting longer than 12 weeks, hoping 
for an AVF to mature, is generally not in the patient’s best 
interest. Active and aggressive intervention can help salvage 
these immature fistulas and shorten the duration of alternate 
vascular access, which is invariably a tunneled central venous 
catheter. If a fistulogram fails to identify any correctable 
pathology to assist with AVF maturation process, alternate 
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New / immature AVF 
weak thrill / feeble pulse at 
6 weeks 


Augmentation test 


Positive 


Monitor with regular PE Refer for further testing 
e Fistulogram 


Ultrasonography 


Mastures in 


Negative 


Fails to mature in 
8-12 weeks 


8-12 weeks 


Fig. 15.3 Management algorithm for a newly created arteriovenous 
fistula with weak thrill or pulse 


plans to create another permanent vascular access should be 
made immediately, and the patient needs to be referred back 
to the surgeon. 


15.4.2 Established AVF 


Hemodialysis process is complex and involves constant 
monitoring of the patient as well as the hemodialysis 
machine. A complete and thorough physical examination 
of an established AVF should be performed before each 
dialysis treatment by skilled dialysis personnel. During the 
treatment process, various settings on the hemodialysis 
machines, such as speed of the blood pump, and arterial 
and venous pressure monitoring are routinely performed 
by the dialysis staff. The quality of the dialysis treatment 
is judged by measuring the solute clearance from blood 
tests performed on a monthly basis. Figure 15.4 outlines 
the clinical approach for evaluating an established AVF 
with faint thrill. The algorithm incorporates the physical 
examination findings and other hemodialysis machine 
parameters and provides a practical approach to identify a 
failing AVF. The average blood flow prescribed for hemo- 
dialysis treatment in the USA is around 350—400 ml/min. 
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Established AVF 


weak thrill/feeble pulse 


y 


Augmentation test 


Y Y 


Postive Negative 


e } solute clearance 
+ Adequate solute clearance 


e Arterial pressure > —200 
e Adequate blood flows 


Arterial pressures< —200 


e J bloodflows 


Œ 


YES 
[onto with regular re 


Fig. 15.4 Management algorithm for an established arteriovenous fis- 
tula with weak thrill or pulse 


Refer for further testin 
e Fistulogram 
e Ultrasonography 


The dialysis arterial pressure recorded with 350-400 ml/ 
min blood flow from a well-functioning AVF is generally 
less than negative 200 mmHg. Inflow segment stenosis is 
less than likely, if the prescribed blood flow is not achieved 
or the arterial pressure is more than negative 200, along 
with faint thrill at inflow. 

A significant inflow segment stenosis is unable to support 
the high blood flows necessary to provide adequate dialysis 
treatment. The inability to achieve the prescribed blood flow 
during treatment leads to high arterial pressures on hemodi- 
alysis machine and frequent tripping of arterial alarm limits. 
The end result is high recirculation rate with inadequate sol- 
ute clearances on monthly blood tests. Timely identification 
of these abnormal findings can assist with early intervention 
of the underlying stenosis. Vascular stenosis is a progressive 
process that will ultimately culminate in complete occlusion 
and thrombosis and eventual loss of flow. The next step in 
the management is confirming the physical examination 
findings with either an ultrasonography or an invasive angi- 
ography. Fistulogram remains the gold standard test to con- 
firm stenosis. Once the diagnosis is confirmed, simultaneous 
angioplasty can help maintain the access patency. 
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15.5 Summary 


Inflow segment stenosis in both new and established AVF can 
be diagnosed with a well-performed physical examination by 
skilled dialysis personnel. Regular monitoring of an AVF can 
help with early diagnosis for timely intervention to maintain 
access patency. A simple algorithm utilizing clues obtained 
from physical examination, blood flows and arterial pressures 
from dialysis machines, and monthly laboratory test results 
can effectively help diagnose inflow segment pathology. 
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Approach to an Arteriovenous Access 
with No Thrill, Bruit, or Pulse 


Aris Q. Urbanes 


16.1 Introduction 

The patient with a hemodialysis vascular access that has no 
palpable thrill or pulse and no audible bruit presents the phy- 
sician with at least two simultaneously critically important 
and time-sensitive issues: the resuscitation of the vascular 
access and the patient’s need for ongoing life-sustaining 
renal replacement. Although it may intuitively appear that 
the former necessarily leads to the latter, the decision regard- 
ing how best to assure the immediate and more crucial need 
for ongoing dialysis often flavors how one approaches the 
vascular access. In this regard, the physician must employ 
his keen clinical sensibilities and judgment, understand the 
renal patient’s history and physiology, and judiciously utilize 
the most appropriate approach to the problems at hand. The 
management of the clotted dialysis vascular access can be a 
most challenging but ultimately uniquely rewarding situa- 
tion that a clinical interventionalist will face. 


16.2 Clinical Considerations 


In most circumstances, the patient is referred from the dialy- 
sis facility where the health-care professionals assessed the 
vascular access pre-cannulation and deemed it thrombosed. 
On occasion, however, they may have attempted cannulation 
and been unsuccessful in obtaining viable blood return from 
one or both needles. Invariably, there may have been prodro- 
mal symptoms or signs that presaged the clotting of the 
access. It is useful for the clinical interventionalist to be 
aware of these because it provides a clue as to the culprit 
lesion/s that one may anticipate during the procedure. It also 
aids one to know the duration during which renal replace- 
ment has been suboptimal or dysfunctional as this helps 
stratify procedural and sedation risks based on the patient’s 
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biochemical and fluid disequilibrium. A patient who has 
been receiving suboptimal dialysis for a week may predict- 
ably have more or more severe biochemical derangements 
than a patient whose dialysis treatments have been unevent- 
ful up until the day of access thrombosis. 

The clotted vascular access is not difficult to clinically 
diagnose. A color flow Doppler examination will verify the 
absence of flow through the access, but this is rarely needed. 
A sometimes confusing clinical finding is a thrill close to 
the artery-vein anastomosis in an autologous fistula. If the 
thrill comes, in fact, from the fistula and not transmitted 
from the artery, then one’s approach might be simplified to 
a percutaneous angioplasty of a suspected downstream ste- 
nosis. Another useful physical finding is whether or not the 
fistula or the effluent venous drainage of a prosthetic arterio- 
venous graft is hard or tumescent suggesting extension of 
clot to this region. A greater length of soft or collapsible 
fistula portends of a smaller clot burden than a sizeable 
length of hard or turgid vein. Anticipating the amount and 
extent of thrombus that one might encounter would be ben- 
eficial in planning whether or not to utilize thrombolytics, 
the approach to removing thrombus, and in anticipating the 
likelihood of complications such as forward embolization of 
access thrombi to the pulmonary circulation. The clot bur- 
den in a typical AVG is between 1.5 and 4.7 mL [1] but in 
the fistula can vary from minimal to significantly larger vol- 
umes especially in the aneurysmal, serpentine brachioce- 
phalic variety. 

It is generally accepted that one’s chances of a technical 
and clinically successful thrombectomy are highest when 
intervention is performed as soon as possible following the 
diagnosis. In a chronically thrombosed fistula, gaining entry 
to the vessel becomes progressively more challenging with 
time when the absence of blood flow causes it to collapse. 
This is readily apparent in the case when an angiographically 
collapsed drainage vein of a thrombosed AVF is found to be 
widely patent and of large caliber following restoration of 
flow in the upstream segment without any intervention per- 
formed on that specific segment of the collapsed vein. 
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Successful endovascular intervention on fistulas thrombosed 
for as long as 9 days has been reported [2]. 

Thrombectomy procedures being performed successfully 
in cases of early graft failures suggest that intervention can 
be safely done as early as 15 days after creation using 
straightforward endovascular techniques including throm- 
bolysis with 250,000 units of urokinase [3]. Of the two early 
occlusion grafts treated in this fashion, they experienced 
only one episode of extravasation at the tapered arterial end 
of the graft following thrombolysis and angioplasty with a 
4 mm balloon, causing them to abort the procedure. Some 
investigators report acceptable cumulative patency rates of 
74 % at 3 months and 68 % at 12 months; [3, 4] other inves- 
tigators report dismal findings of median patency rates of 11 
days in grafts age <30 days and 23 days in grafts 31-60 days 
[5] and 6-month cumulative patency rates of 26 and 44 % for 
grafts age <30 days and 31—60 days, respectively [6]. These 
values fall far below the recommended benchmarks [7] and 
have caused the authors to question the value of performing 
endovascular thrombectomy procedures in these early fail- 
ure grafts. Since the analysis of their results, one group has 
now opted to channel all early thrombosed prosthetic grafts 
to surgery for creation of a new access [6]. 

Extrapolating these observations and conclusions to the 
native fistula is unwise and fraught with problems. The fis- 
tula, of course, requires a maturation process during which 
flow progressively increases culminating in the thickening of 
the walls and dilatation of the vessel lumen to accommodate 
the increased flow and pressure within the circuit. Apart 
from the surgical anastomoses healing and incorporating 
into surrounding tissue and the expected perioperative swell- 
ing around the tunneled graft, no such maturation process is 
required. Angiograms done on |-week-old grafts have dem- 
onstrated incorporation of prosthetic into surrounding tissue 
[3]. The lesions involved in the thrombosis of the graft are 
different from those in a fistula. While the graft-vein anasto- 
mosis is the most common lesion encountered in clotted 
AVGs [8-11], the clotted fistula can have a variety of lesions 
or a combination of them [12-16]. In a series of over 100 
immature AVF that thrombosed before they were ever used 
for dialysis, Miller reports a 79 % success rate at endovascu- 
lar intervention [17]. Although the average age of the fistula 
at the time of thrombosis was 5.6 months, the average mid- 
fistula diameter was only 1.5 mm. Regardless of age, these 
were fistulas that had failed to mature. Following thrombec- 
tomy, there was an average maturation time of 46.4 days 
with 2.64 interventions required to attain maturity, including 
angioplasties, stent implantation, and coil embolization of 
side branches. Following maturation, these fistulas required 
an average of 2.78 interventions/access year to maintain 
patency and underwent 0.52 thrombectomies/access year. It 
has previously been reported [18] that fistulas that require 
two or more interventional procedures to attain suitability 
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for use behave differently from those that attain this state 
spontaneously or require only one procedure. Compared to 
fistulas requiring one or less procedures to attain maturity, 
those that require two or more have consistently reduced 1-, 
2-, and 3-year cumulative survival and require more proce- 
dures to maintain patency. For these various different rea- 
sons, the experience and practice recommendations with 
early thrombosed prosthetic grafts should not be translated 
to fistulas without due caution. 


16.3 Precautions 


There are two contraindications to percutaneous thrombec- 
tomy of the dialysis vascular access: access infection and 
known right-to-left shunt (e.g., patent foramen ovale). 

A known active infection of the thrombosed access could 
prove to be disastrous by disseminating infection in an other- 
wise contained area. It should be noted that a nonfunction- 
ing, even chronically thrombosed, prosthetic AVG can be the 
source of bacteremia and sepsis [19, 20] in up to almost a 
third of cases seen by surgery for excision of the prosthetic 
[21]. 

A patent foramen ovale is seen in about 25 % of the gen- 
eral population over the age of 45 [22] and in 27 % of autop- 
sies of otherwise healthy adults [23]. While right-to-left 
shunting is not necessarily problematic with a small PFO, 
the presence of pulmonary hypertension makes the likeli- 
hood of significant shunting much more of a concern. With 
pulmonary hypertension seen in as much as 40 % of hemodi- 
alysis patients, 14 % of whom have moderate to severe levels 
[24], one must be cognizant that a PFO that would otherwise 
not be problematic could, indeed, prove to be catastrophic. 
Unfortunately, there is no efficient and cost-effective way to 
monitor the confluence of these two processes, especially as 
the natural history of the patient’s dialysis unfolds. Pulmonary 
hypertension is at least 2.7 times more likely to be seen in the 
hemodialysis patient than in the general population and 1.6 
times more likely than the CKD pre-dialysis population [25]. 


16.4 General Approach 


Regardless of specific technical methodology and tools 
employed, there are some fundamental tenets that one fol- 
lows in order for the thrombectomy to be successful: 

1. Identify and treat all lesions felt to be physiologically sig- 
nificant and have contributed to the dysfunction of the 
access. 

2. Control and minimize risk of peripheral pulmonary or 
arterial embolization. 

3. Keep circuit in the least prothrombotic state as reasonably 
possible. 
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Except in few and rare instances of hypercoagulability, 
insufficiently low perfusion pressures from marginal cardiovas- 
cular reserve or function, or an inordinately long access circuit 
relative to feeding arterial flows, an access will have thrombosed 
because of an anatomic inflow or outflow abnormality or a com- 
bination of these. Unless this pathology is found and fixed, or at 
the very least mitigated, the thrombectomy will not be techni- 
cally or clinically successful. It is not enough to remove clot and 
restore flow without addressing the fundamental reasons why 
the dysfunction occurred to begin with. 

Decisions regarding specific methodology that one will 
employ for a thrombectomy are flavored, among other 
things, by how most efficiently to get the job done success- 
fully and in a cost-effective fashion but also how to minimize 
the risk of complications. One of the complications that one 
might anticipate is the risk for downstream pulmonary embo- 
lization. The risk is generally felt to be minimal because the 
clots are small in size. Paired pre- and post-procedure scin- 
tigraphy scans on 13 patients failed to show any difference 
[26] although larger studies using similar methodology of 
thrombectomy and scintigraphy revealed new perfusion 
defects in about 35—40 % of patients [27, 28]. In these series, 
all but 1 of 50 patients studied were symptomatic. Another 
interesting note is that baseline V/Q scan abnormalities were 
noted in over 70 % of patients [28]. 

Similar to pulmonary embolism, the incidence of this symp- 
tomatic arterial embolism is significantly lower than asymp- 
tomatic embolism. The incidence is quoted as between 0.4 and 
0.6 % [29, 30]. Treatment is generally limited to the symptom- 
atic patient and/or one whose quality and intensity of periph- 
eral pulses have changed during the course of the procedure. 

All implements employed during a thrombectomy proce- 
dure are potentially thrombogenic. The trauma of the proce- 
dure, especially against the vessel wall, and its attendant 
biochemical and hormonal effects also contribute to the pro- 
thrombotic state of the circuit. Systemic anticoagulation is 
typically given at the start of a procedure, although we have 
successfully performed thrombectomies without the benefit 
of heparin in patients with a heparin-induced thrombocyto- 
penia. The brisk and robust return of blood flow to the circuit 
has an antithrombotic effect but can be attenuated by small- 
caliber vessels that are occluded by sheaths and other similar 
implements and the wall trauma of instrumentation. Once 
flow is restored, the physician must move quickly but delib- 
erately and decidedly and address all pathologic lesions that 
are felt to have caused or contributed to the thrombosis. 


16.5 Specific Approach 


Although there are variations dictated by practice or by the 
particular case at hand, the approach to the thrombosed pros- 
thetic graft follows the steps in Table 16.1. 


Table 16.1 Steps in thrombectomy of a prosthetic dialysis graft 
1. Cannulate graft with intent to gain access to the venous effluent 
tract 
2. Cross vein-graft anastomosis 


3. Perform central venous angiography + recanalization/angioplasty 
of central venous occlusion 


4. Administer anticoagulation and sedation analgesics if not 
already done 


5. Treat clot within graft and within effluent vessels 
6. Perform venous angioplasty of vein-graft anastomosis 


7. Cannulate graft with intent to gain access to the arterial inflow 
tract 


8. Remove arterial fibrin-platelet plug 

9. Evaluate and address inflow pathology 
10. Evaluate and address outflow pathology 
11. Completion angiography of entire circuit 


16.5.1 Initial Cannulation 


The initial step should be to enter the graft and obtain access 
to the venous outflow tract and central venous system. While 
it is fairly easy to determine the direction of the cannulation 
needle in an open graft, in a straight configuration graft or a 
graft that has been studied before and for which images and 
notes are available, one must rely on usual or typical graft 
architecture. The loop AVG typically has its venous anasto- 
mosis/loop at the lateral aspect of the arm, while its arterial 
anastomosis/loop is at the medial aspect. 


16.5.2 Cross the Vein-Graft Anastomosis 


If one is unable to cross this anastomosis, then there is no 
purpose in restoring arterial inflow for which no outflow is 
available. Several standard endovascular techniques may be 
called upon if the guidewire will not traverse the anastomosis 
readily. Remember also that lesions may be eccentric or may 
have an orifice that allows wire passage more readily from 
one direction rather than another. It might be necessary to 
cannulate the predicted draining vein and pass a guidewire 
through the vein-graft anastomosis in a retrograde fashion. If 
this approach is necessary, an angioplasty of this area will 
allow much easier guidewire passage through an antegrade 
direction should draining or central venous angioplasty be 
required. 


16.5.3 Perform Central Venography 


As much as 30 % of dysfunctional dialysis accesses have a 
physiologically significant central venous stenosis [31-33]. 
These lesions may be suspected on the basis of clinical his- 
tory or physical examination. When central occlusions are 
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diagnosed and are felt to be clinically significant based on 
clinical data, these will need to be treated before restoring 
flow to the dialysis access; otherwise, the improved/increased 
flow will cause significant hemodynamic effects centrally 
that will result in arm, facial, neck, or breast swelling; dilata- 
tion of superficial veins; or other similar changes reflective 
of flow obstruction. 


16.5.4 Administer Medications 


Depending on the point of service and specific practice setup, 
the anticoagulation and sedation/analgesia medications may 
be administered peripherally by the appropriate licensed 
health-care professional. We have chosen to have the inter- 
ventionalist administer these medications in an open periph- 
eral or central vein after having been able to cross the 
vein-graft anastomosis with a guidewire and ensuring that 
the central veins are not occluded or, if they are, have been 
successfully treated. This also reduces the oftentimes ardu- 
ous task of finding and maintaining an intravenous line in the 
patient’s contralateral arm. Standard heparin doses of 
between 2,000 and 5,000 IU are given at the start of the case, 
and this can be augmented with additional doses as clinically 
needed or titrated to a target ACT, generally >250 s. 

Moderate sedation in the form of midazolam and fentanyl 
are given. Ina series of over 12,000 patients treated, Beathard 
found the median dose of midazolam to be 3.0 mg and fen- 
tanyl 75 ug for most interventional cases, including throm- 
bectomies [34]. These doses were only slightly less when 
used in combination rather than singly. With these doses, 
even high-risk patients tolerated the procedures without inci- 
dent, and pain levels were adequately managed. A trained 
RN is given the responsibility of monitoring the patient and 
the response to sedation/analgesia. 


16.5.5 Treat Clot 


As mentioned earlier, the amount of clot involved in a typi- 
cal graft thrombectomy is typically around 5 mL. In a graft 
that is studded with pseudoaneurysms, the clot volume may 
be larger, but more importantly, the organized clot that is 
often laminated and adherent to the graft wall is removed 
only with the use of thrombectomy devices. In the vast 
majority of cases, maceration of the clot with an angioplasty 
balloon, thromboaspiration through a sheath or catheter, and 
use of locally instilled tPA are sufficient for clot removal. 
But in those cases where tenacious adherent clot remains and 
the clinical interventionalist feels it is necessary to remove, 
direct wall contact, rheolytic, or hydrodynamic mechanical 
devices are available (see Table 16.2). In our experience, 
these are not often necessary. 
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Table 16.2 Examples of some mechanical devices for access 
thrombectomy 


Direct wall 
contact 


Argon Medical Cleaner® 


Arrow-Trerotola® percutaneous thrombectomy 
device (PTD) 


Datascope ProLumen® 
Catafieda® OTW Brush 


eV3 Helix Clot Buster® (formerly Amplatz 
thrombectomy device) 


eV3 X-Sizer® 
Edwards Thromex® 


Boston-Scientific Oasis Thrombectomy System® 


Hydrodynamic 


Rheolytic 
Cordis Hydrolyser® 
Medrad Medical Angiojet® (AVX) 


Spectranetics ThromCat® Thrombectomy Catheter 
System 


Many studies have evaluated the various devices 
(29, 35-45], and it is apparent that the success and patency 
rates are unrelated to the device but more to treating the 
underlying pathology leading up to the stenosis. Some stud- 
ies have also shown a tendency to higher complication rates 
when devices are utilized, but this could well be related to a 
learning curve in the use of the device. 

Alteplase (rt-PA, Genentech, South San Francisco, CA) is 
employed by some, but the indications and doses vary 
widely. The “lyse-and-wait” first described in 1997 [46] 
remains popular because it is simple, inexpensive, and easy 
to follow. We have inconsistently used this method, but when 
we have the doses have been between 2 and 4 mg of rt-PA. 
Others have reported similar doses of rt-PA [47, 48]. Using a 
multipurpose angiographic catheter or via the side arm of the 
sheath depending on location of cannulation, 2 mg of rt-PA is 
delivered close to the venous anastomosis and another 2 mg 
close to the arterial anastomosis. We dilute the drug in only 
2 mL of sterile water in order to minimize the volume deliv- 
ered to a closed circuit and subsequent risk of arterial embo- 
lization. A small final volume of flush sterile water is used to 
empty the catheter or sheath of its “dead space.” During 
injection of the lytic, we ensure that arterial embolization is 
minimized by digital manual pressure on the arterial inflow. 
The amount of time that the lytic is allowed to dwell varies, 
but a “no wait” technique compared to longer dwell times 
suggests that there is no difference in success or complica- 
tion rates and similar 3-month primary, primary-assisted, 
and reanastomosis rates but statistically significant lower 
procedure and radiation times [49]. 

Thromboaspiration with or without maceration of the clot 
with an angioplasty balloon catheter is performed to remove 
as much clot as possible. Although the exact sequence of 
when this is performed varies between operators, the aim is 
to extract as much clot as possible and minimizing down- 
stream embolization. This should therefore be done before 
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there is both free and unimpeded flow of blood from arterial 
inflow to venous outflow. Some operators would do this after 
restoring arterial inflow but before addressing the venous 
anastomotic stenosis, while others would do this after angio- 
plasty of the venous anastomosis but before dislodging the 
arterial platelet-fibrin plug. 


16.5.6 Angioplasty of Vein-Graft Anastomosis 


Since most dysfunctional dialysis prosthetic grafts will have 
the critical culprit lesion at the vein-graft anastomosis 
[50-53], some operators will preemptively perform an angio- 
plasty in this area before restoring arterial inflow. Most 
prosthetic grafts used for hemodialysis access are 6 mm 
diameter, and the appropriately sized angioplasty balloon 
catheter used will be a 7 or 8 mm diameter. 


16.5.7 Remove Arterial Platelet-Fibrin Plug 


Following the second cannulation directed towards the arte- 
rial inflow, the fibrin plug at the arterial anastomosis is 
removed using a compliant Fogarty embolectomy catheter. 
They are both over-the-wire and plain versions of the cathe- 
ter. The choice of one over the other depends on operator 
preference but should be flavored by anatomy, amount of 
manipulation needed to cross the anastomosis, and the secu- 
rity obtained by having a wire across a treated area. The arte- 
rial plug is a whitish dense tissue made up of fibrin and 
platelets and may be aspirated out of the side arm of the arte- 
rial sheath. If performed under fluoroscopy, the compliant 
balloon will be noted to deform as it crosses the anastomosis 
and dislodges the plug. This motion is performed until the 
plug is retrieved, until the inflated balloon pulls back with 
minimal resistance, or until no further clots are aspirated. 


16.5.8 Evaluate Arterial Inflow 


An antegrade arteriogram is performed in order to evaluate 
the inflow, the artery-graft anastomosis, the juxta-anastomotic 
stenosis, and the arterial limb of the graft. Additionally, if the 
patient develops symptoms consistent with a distal arterial 
embolus and/or peripheral pulses change in quality, the arte- 
riogram should also evaluate the more distal arterial circula- 
tion. Appropriate treatment of the symptomatic embolus 
should be promptly initiated. How far cephalad the arterial 
inflow must be evaluated is dictated primarily by one’s degree 
of suspicion based on clinical presentation, history, and phys- 
ical examination. A recurrently thrombosed or dysfunctional 
graft without compelling evidence for outflow stenosis and 
hemodynamic or systemic prothrombotic diathesis should 


raise one’s suspicion for an inflow pathology. A dedicated 
and deliberate evaluation of the inflow circuit should then 
ensue and identified lesions appropriately treated. 


16.5.9 Evaluate Venous Outflow 


At this point, circulation has been restored to the graft, and 
attention is turned to the efferent arm of the circuit. 
Angiography of the entire graft, the vein-graft anastomosis, 
and the venous effluent tract is performed and identified 
lesions appropriately treated. High-pressure balloon angio- 
plasty with a 1-2 mm oversize of the balloon relative to the 
non-stenotic diameter of the vessel is standard. Some lesions 
will necessitate ultra-high-pressure balloon angioplasty and 
endovascular stent placement. The indications, methodology, 
and precautions for stent placement in the setting of an access 
thrombectomy are no different than in a non-thrombosed 
access. These are covered in another section of this book. 


16.5.10 Perform Completion Angiogram 


Once radiologic and clinical parameters indicate that robust 
flow has been restored to the graft, a final completion angio- 
gram is performed to assure that all physiologically signifi- 
cant lesions have been adequately treated and that there are 
no complications for which further treatment is required. 
Based on the completion angiogram, additional studies or 
surgical referrals may be considered. Endovascular treat- 
ment is an essential and important aspect of dialysis vascular 
access care but should not supplant surgical evaluation and 
management. Indeed, the most successful vascular access 
programs have seamlessly integrated endovascular and sur- 
gical approaches at all stages of care. 


16.6 Autogenous Fistula Thrombectomy 


We have described the prototypic thrombectomy approach to 
a prosthetic dialysis graft. The approach to the thrombosed 
autogenous fistula, however, is more nuanced and will 
require a greater degree of operator technical proficiency and 
clinical acumen. 

There are a few important differences between the pros- 
thetic graft and the autogenous fistula that make the approach 
to thrombectomy different. 


16.6.1 Anatomy 


While the anatomy of the anastomoses and the inflow/out- 
flow arms are fairly straightforward for a graft, they are 
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variable and may be quite complex for the fistula, for exam- 
ple, the fistula may have a radial arterial anastomosis with a 
transposed basilic vein or a translocated vein. A proximal 
radial artery may be anastomosed to the median antebrachial 
vein which will drain off cephalad and caudad to a number of 
different veins. 


16.6.2 Anastomosis 


The prosthetic graft has an artery-graft and a vein-graft anas- 
tomoses. Occasionally, one may encounter a graft-graft 
anastomosis if a patch angioplasty or a bridge graft may have 
been part of a surgical revision. The autogenous fistula, how- 
ever, has only the artery-vein anastomosis. In the absence of 
flow, predicting anatomy of the anastomosis can be 
daunting. 


16.6.3 Lesions 


While most dysfunctional grafts will exhibit critical stenosis 
of the venous anastomosis, the distribution of culprit lesions 
in the fistula is far more variable [53-55]. A review of the 
dialysis treatment record with a focused evaluation of labo- 
ratory and clinical data may prepare the physician by antici- 
pating the location of the lesions. Nonetheless, even after 
flow is restored to the fistula, an assessment of the radiologic 
and clinical record to explain the thrombosis of the fistula 
may remain challenging. 


16.6.4 Thrombectomy 


While the graft will almost always require removal of the 
arterial fibrin-platelet plug in order to restore flow, the fis- 
tula may not always require this maneuver. Sometimes, an 
angioplasty of an occlusive artery-vein or juxta-anasto- 
motic stenosis may be sufficient to restore flow. This is 
particularly true of the radiocephalic fistula where the arte- 
rial inflow pathology tends to be more prominent 
[53-55]. 


16.6.5 Angioplasty 


Thrombosed fistulas can vary from size from the immature 
to the mega-fistula. In the absence of flow, it becomes more 
difficult to predict the diameter of the vessels and makes 
angioplasty more complicated. One can size the balloons for 
the central vessels based on expected normal values [56], but 
there can be a wide variation in the presence of high-flow 
fistulas. 
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16.6.6 Clot Volume 


The volume of thrombus within the graft is fairly predictable 
and is fortunately not typically a large amount. However, the 
clot burden in a fistula can vary widely, especially with the 
mega-fistulas. In these instances, the risk of embolization to 
the pulmonary circulation is significantly higher and must 
factor in one’s approach to the thrombectomy. When the clot 
burden is predicted to be higher, one must attempt to protect 
the pulmonary circulation by removing as much clot as pos- 
sible before restoring flow. Use of thrombolytics, with or 
without a mechanical device, would be an option in this 
regard. 


16.7 HeRO® Graft Thrombectomy 


The HeRO® graft (Hemodialysis Reliable Outflow, 
Hemosphere, Eden Prairie, MN) is a hybrid device approved 
by the FDA for dialysis-dependent patients whose vascular 
options have been exhausted. One such indication is central 
venous stenosis that is poorly responsive to endovascular 
therapy or is rapidly recurrent and patient is deemed too high 
risk for surgical bypass. There is a single anastomosis of the 
6 mm ID graft to the feeding artery, but the venous end is a 
length of nitinol-reinforced silicone-coated catheter with an 
ID of 5 mm and opens to the mid-right atrium. The circuit 
can thrombose because of poor perfusion pressures but intra- 
graft or artery-graft stenoses contributing to or causing 
thrombosis have also been seen. 

The findings on examination of a thrombosed HeRO® 
graft are similar to that of a prosthetic graft. Palpation will 
show absence of thrill or pulse and auscultation, the absence 
of bruit. Barring any graft infection, the percutaneous throm- 
bectomy of this device is fairly simple and straightforward 
and generally follows the same steps as outlined earlier. 

The differences in approach between the thrombectomy 
of the prosthetic graft and the HeRO® graft are the 
following. 


16.7.1 Removal of Thrombus 


Using an 80 cm 3 Fr OTW Fogarty catheter of a 5 x 40 angio- 
plasty balloon catheter, the thrombus is drawn from the tip of 
the catheter in the mid-RA distally to the venous cannulation 
site in the graft segment. It is suggested that the balloon be 
followed under fluoroscopy while being pulled to assure that 
the untethered end of the HeRO® device is not mobilized out 
of its intended location. If the tip of the catheter is dragged 
by the Fogarty or angioplasty balloon, deflating the balloon 
to less than nominal pressure and size will alleviate this 
problem. 
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16.7.2 Angioplasty 


Because there is no graft-vein anastomosis, the intra-artery, 
artery-graft, and intra-graft lesions are the lesions one must 
evaluate as possibly causing or contributing to the thrombo- 
sis. Low flow from marginal cardiac function, poor perfusion 
pressures, or other similar systemic problems should also be 
considered. 


16.7.3 Anticoagulation 
Empirically, the amount of heparin needed for the thrombec- 


tomy of this device is typically less than that of a prosthetic 
graft. 


16.8 Summary 


The thrombectomy of a dialysis prosthetic graft or autoge- 
nous fistula demands of the clinical interventionalist a com- 
mand of a variety of techniques and tools, coupled with an 
understanding of the patient’s specific clinical history and 
presentation. The thrombosis of a vascular access is the cul- 
mination of progressively critical anatomic and physiologic 
aberrations that must be identified and corrected if the inter- 
vention is expected to be durable. The physician’s ability to 
return the patient to optimum dialysis vascular care depends 
on a meticulous and assiduous search for and correction of 
these factors. 
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17.1 Introduction 

A dialysis patient presenting with hand pain ipsilateral to the 
arteriovenous (AV) access has a number of differential diag- 
noses. The etiology can be broadly divided into neurogenic, 
vascular, and musculoskeletal in nature (see Table 17.1). 
A detailed history coupled with physical examination will 
often reveal the etiology of the hand pain. Additional imag- 
ing studies are often required to confirm the diagnosis and 
planning of treatment. We will focus our discussion on isch- 
emic monomelic neuropathy (IMN) and distal hypoperfu- 
sion ischemic syndrome (DHIS), which are two important 
entities related to vascular access that an interventional 
nephrologist needs to be aware of. 


17.2 History Taking 

The chronology of hand pain in relation to AV access cre- 
ation is paramount in history taking. The type of pain, exac- 
erbating factors, and its associated symptoms are also crucial 
to elucidating the etiology of hand pain. 
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17.2.1 Neurogenic Pain 

Neurogenic pain is usually described as a deep and burning 
sensation with associated paresthesia and numbness. It can 
arise as a result of ischemic neuropathy, entrapment, or poly- 
neuropathy. Although each entity has its own distinct charac- 
teristics, differentiation of these neuropathies can be difficult 
in reality as overlapping etiologies may be present in the 
same patient. 

Pain arising from ischemic neuropathy is usually unilat- 
eral and can appear to be out of proportion to the physical 
findings. One of the most feared complications resulting 
from AV access creation is neurogenic pain secondary 
to IMN. 

The symptoms of IMN classically present immediately 
after surgery and tend to affect female, diabetic patients with 
a history of peripheral vascular disease or neuropathy, who 
have just undergone brachial artery-based access creation 
[1-4]. In addition to pain, significant sensory loss and dyses- 
thesia in the distribution of all three forearm nerves is usu- 
ally present, and the impairment is most prominent distally 
[5]. In severe cases, weakness and paralysis of the muscles 
of the forearm and hand can also occur [5]. 

Neurogenic pain secondary to nerve entrapment tends to 
be better localized and follows the distribution of the affected 
nerve. Carpal tunnel syndrome is common in chronic dialy- 
sis patients. The symptoms are usually bilateral and predate 
AV access surgery. 

Symptoms secondary to uremic and/or diabetic polyneu- 
ropathy are usually bilateral and follow a “glove and stock- 
ing” distribution. They are usually present before AV access 
surgery and can confound the diagnosis of IMN. 


17.2.2 Vascular Pain 
Flow diversion as a consequence of AV creation can result in 
DHIS or “arterial steal syndrome.” This can manifest as isch- 


emic vascular pain. The risk factors for DHIS are largely 
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Table 17.1 Differential diagnosis for hand pain 


Neurogenic pain Vascular pain 


Ischemic monomelic neuropathy 


Ischemic pain secondary to distal 
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Musculoskeletal pain 


Destructive arthropathy 


hypoperfusion ischemic syndrome 


Peripheral neuropathy 
stenosis* 


Mononeuropathy secondary to compression, e.g., 
carpal tunnel syndrome 


Reflex sympathetic dystrophy syndrome* 


“Associated with limb swelling 


similar to IMN, but the symptoms that arise from vascular 
ischemia are more varied in presentation and depend on the 
severity of the ischemia. In mild ischemia, the patient may 
complain of slight numbness and coldness in the hand that 
occurs only during dialysis [6]. Mild ischemic pain may be 
self-limiting and resolve without treatment. On the other 
hand, in severe cases, the patient may complain of severe 
pain that is associated with numbness and digital cyanosis. 
Depending on the stage of presentation, patients may present 
with contractures, gangrene, or even autoamputation of the 
digits as a consequence of DHIS. 

The onset of symptoms can occur immediately or evolve 
over several weeks and is often exacerbated by dialysis. One 
study reported that 50-66 % of patients who develop steal 
syndrome do so within | month of surgery [7], while other 
studies have reported it to be around 8 months [8] after sur- 
gery. This difference is probably related to the type of access 
that was created [9]. Acute DHIS (within 1 day of AV access 
creation) is strongly correlated with brachial artery AVG cre- 
ation, while chronic DHIS (occurring more than | month 
post AV access creation) is strongly correlated to a maturing 
elbow AVF [9, 10]. 

Pain that occurs in association with arm swelling after AV 
access creation may suggest the presence of central vein ste- 
nosis. The swelling typically affects the entire arm and is 
secondary to venous congestion. The associated arm swell- 
ing is usually gradual and reaches a plateau after a few days. 
The patient may report a sensation of “heaviness” and pur- 
plish discoloration of the affected arm. 


17.2.3 Musculoskeletal Pain 


Pain secondary to arthropathies is usually over the joints, 
aggravated by movement and may be associated with morn- 
ing stiffness and joint swellings. 


17.3 Physical Examination 


Physical examination in combination with a good history is 
helpful in establishing the diagnosis in the majority of 
patients. 


Venous congestion secondary to outflow 


Osteoarthritis 
Autoimmune arthritis, e.g., rheumatoid arthritis 


Tenosynovitis 


The classical textbook teaching of “look, feel, and 
move” is applicable in the examination of a dialysis 
patient with hand pain on the side of AV access. It is 
important to always compare the hand with the AV access 
with the other hand without the AV access. On inspection, 
look for the presence of pallor, cyanosis, trophic changes, 
ulceration, areas of gangrene, and joint swelling. On pal- 
pation, compare the temperature of the two hands and 
examine the joints if there is suspicion of arthropathies. 
Type (pinprick and/or vibration) and distribution of the 
sensory loss (mononeuropathy, polyneuropathy, glove, 
and stocking distribution), if present, should be clearly 
documented and compared to preoperative physical exam- 
ination. Examination of both the active and passive move- 
ments of the joints is useful for localization of arthropathies 
and documentation of the power of the intrinsic muscles 
of the hands. 

Palpation of the hand is an important maneuver to differ- 
entiate DHIS and IMN. A major diagnostic feature of IMS is 
the absence of findings to suggest reduction or diversion of 
arterial flow. The radial pulse is variably present, and the 
hand is usually warm with no evidence of muscle infarction 
such as tenderness or pain on passive extension. Active 
movement of the hand and forearm can be difficult in severe 
cases and wrist drop may be present [5]. The degree of weak- 
ness may appear out of proportion to the physical findings. 

In mild cases of DHIS, the physical examination may be 
normal and the radial pulse is usually present. In severe cases 
of DHIS, pale or blue-purple discoloration of the fingers can 
be observed. Ischemic ulcers, trophic changes, and gangrene 
patches may develop in long-standing cases of DHIS. 
Classically, the distal pulses are palpable only when the AV 
access is compressed manually. The value of pulse examina- 
tion in differentiating patients with or without arterial steno- 
sis in the evaluation of DHIS has also been questioned. In a 
case series by Asif et al., only 18 % of the patients who 
showed pulse with access occlusion were found subse- 
quently to be suitable candidates for flow reduction proce- 
dure. Furthermore, it is still possible to have hand ischemia 
despite good radial and ulnar pulses [11]. A lower blood 
pressure in the access arm when compared to the contralat- 
eral arm may be suggestive of the presence of arterial 
stenosis. 
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17.4 Differential Diagnosis and 


Pathophysiology 


The differential diagnosis of a patient with AV access pre- 
senting with hand pain is broad and can be divided into 
access-related or  non-access-related hand pain. 
Differential diagnosis for access-related hand pain would 
include IMN, DHIS, reflex sympathetic dystrophy syn- 
drome, and venous congestion. The non-access-related 
differentials are various forms of arthropathies (including 
destructive arthropathy), peripheral neuropathies, or car- 
pal tunnel syndrome. The differentiating features are as 
summarized in Table 17.2. We will focus our discussion 
on two important differentials, which are potentially limb 
threatening. 


17.4.1 Ischemic Monomelic Neuropathy 
Diagnosis of IMN can be difficult as it is rare, and con- 
founding factors such as diabetic neuropathy (which is 
common in dialysis patients), effect of anesthesia, poor 
positioning of arm during surgery, or surgical trauma can 
delay the diagnosis [3]. Delay in diagnosis can lead to pro- 
found loss of function, deformity, and severe neuropathic 
pain. As interventional nephrologists begin to get involved 
in access creations [12], awareness of this acute postopera- 
tive complication within the nephrology realm is critical to 
allow for urgent treatment to prevent crippling 
complications. 

The pathogenesis is thought to be secondary to acute 
transient occlusion of the blood supply to the nerves of the 
forearm and hand that is severe enough to damage the 
nerve fibers, but insufficient to produce necrosis of other 
tissues. The major risk factors are diabetes, female gender, 
and use of brachial artery for AV access creation. The bra- 
chial artery is the main arterial supply to the forearm and 
hand, and significant diversion of blood in the absence of 
collaterals around the elbow can result in ischemia of the 
peripheral nerves. Delay in diagnosis may compromise 
outcome [13]. Bolton et al. described the absence of neu- 
rologic improvement despite the restoration of radial 
pulses 6 weeks post AV access creation [14]. Even with 
swift surgical intervention within 4 h of symptom presen- 
tation, significant weakness of all intrinsic muscles may 
remain after surgery [15]. 

The classical findings of distal sensorimotor neuropa- 
thy secondary to axon injuries on electromyography 
was described by Wilbourn et al. in 1983 [16]. 
Electrodiagnostic studies can certainly be useful to dif- 
ferentiate the different types of neuropathies, but a high 
index of suspicion is needed to exclude this devastating 
condition. 


17.4.2 Distal Hypoperfusion Ischemic 
Syndrome 


Arterial steal or shunt is demonstrable in the majority of 
patients with upper limb AV access when evaluated by 
Doppler studies [17, 18]. This steal is not unexpected and is 
secondary to the shunting of blood to the low-resistance area 
created by AV access surgery. However, not all the patients 
who have arterial steal on Doppler studies will develop 
symptoms. Majority of the time, arterial collaterals and com- 
pensatory peripheral vasodilatation are sufficient to maintain 
peripheral tissue perfusion. Symptoms of ischemia only 
develop in a minority of patients, and this is probably sec- 
ondary to inadequate compensatory mechanism to maintain 
tissue perfusion. Therefore, the term “distal hypoperfusion 
ischemic syndrome” might be more appropriate than “arte- 
rial steal syndrome” to describe patients who develop symp- 
toms of ischemia secondary to arterial steal from AV access 
creation [11]. 

The incidence of DHIS varies depending on the study, 
and it can range from | to 20 % [11]. The huge variation is 
probably due to differences in type of anastomosis [19] and 
anatomical location of the AV access [20]. Some studies 
have suggested a higher incidence in prosthetic AV access 
(4-9 %) compared to autogenous AV access (0.25—1.8 %) 
[4], while others have suggested the contrary [20]. 

The consistent finding in many studies has been the 
increased risk of DHIS associated with the use of brachial 
artery for AV access construction. This is probably related to 
the higher blood flow rate that is often associated with bra- 
chial access. Compared with the radiocephalic (RC) AVF 
which has a typical flow rate of 500-800 mls/min, the flow in 
the brachiocephalic/basilic AV access can increase up to 
2,000 ms/min over time, and adequate collaterals are neces- 
sary to maintain digital pressure above 50 mmHg to avoid 
ischemia [21]. Inability of the collaterals to maintain digital 
pressure, either as a consequence of discrete or diffuse arte- 
rial stenosis, will result in DHIS. 

Discrete arterial stenosis proximal to AV access can also 
compromise distal tissue perfusion after AV access creation. 
These proximal lesions may be previously undiagnosed or 
asymptomatic but will manifest after AV access creation due 
to increased flow demand. Inability to keep up with the 
increase in demand can result in distal tissue hypoperfusion. 
Similarly, if there is an undiagnosed discrete arterial stenosis 
distal to the AV access, the shunting effects of AV access 
creation can lead to precipitant fall in distal flow and resul- 
tant tissue hypoperfusion. 

Diffuse vascular calcification that is associated with chronic 
kidney disease may also contribute to the development of 
DHIS. Pre-dialysis chronic kidney disease patients are 
observed to have a high prevalence of vascular calcification 
[22]. The prevalence and severity continues to increase with 
the years on dialysis [23]. Histologically, calcifications affect 
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both the intimal and medial layers of the artery and are thought 
to originate from chemically diverse nanocrystals [24]. The 
consequences of vascular calcifications are reduced arterial 
compliance [25] and impaired microcirculatory functions 
[26], which have a negative impact on the compensatory vaso- 
dilatation that is required to maintain tissue perfusion after AV 
access creation. In severe cases of diffuse vascular calcifica- 
tion, AV access and tissue perfusion can be compromised. 


17.5 Investigations 


17.5.1 Ultrasonography 

Complex venous runoff and variability of the anastomosis 
can make evaluation of AVF by Doppler ultrasonography 
difficult and time-consuming. Success is sometimes depen- 
dent on the type of vascular access [27]. Over the years, con- 
tinuing development and refinement of color Doppler 
sonography have improved its ability to evaluate the vascular 
system. Today, Doppler ultrasound can be used in the pre- 
vention, diagnosis, and treatment of DHIS. 

Doppler ultrasonography can play an important role in the 
prevention of DHIS. While the benefits of routine arterial 
Doppler before all AV access creation remain to be eluci- 
dated, careful preoperative physical examination in combi- 
nation with vascular mapping can certainly help to identify 
the presence of arterial lesions or variant anatomies that may 
predispose patients to DHIS [28]. Preoperative Doppler 
assessment of the arterial system in high-risk patients, such 
as elderly diabetics with a history of peripheral vascular dis- 
ease, would allow the surgeon to plan for alternative AV 
access placement sites. In patients who are likely to do 
poorly in hemodialysis due to vascular access issues, perito- 
neal dialysis may be an attractive alternative. 

Doppler ultrasonography has been shown to be a valuable 
tool in the evaluation of DHIS [29]. In a study by Middleton 
et al., ultrasound was able to reveal the etiology of DHIS in 
90 % of the patients with ischemic steal syndrome. As men- 
tioned previously, the presence of retrograde flow in the radial 
artery does not necessarily equate DHIS, and care must be taken 
to correlate Doppler findings with the overall clinical picture. 

Intraoperative Doppler ultrasonography has often been 
used during banding or flow restricting surgery to help the 
surgeon control the reduction of flow volume in an objective 
manner. Various methods on its usage have been described, 
and the results have been consistently positive [30-33]. 


17.5.2 Hemodynamic Studies 


Numerous hemodynamic studies, including the digital 
pressure, digital-brachial index (DBI), and transcutaneous 


oxygen tension (TcO.), have been advocated for confirma- 
tion of diagnosis, predicting the risk and management of 
DHIS after AV access creation. 

Digital photoplethysmography is useful for the confirma- 
tion of DHIS when the signs and symptoms are nonspecific. 
A reduction in the amplitude of digital waveforms distal to 
the proximal AV access is usually seen, but normal pulsatile 
waveform contours should still be present [34]. Patients with 
pronounced ischemia from the AV access will have mono- 
phasic or flat waveform contours that augment with the com- 
pression of the fistula [6]. 

Digital pressure measurement by digital photoplethys- 
mography has been shown to be excellent in diagnosing 
DHIS. The accuracy for determining hand ischemia using a 
threshold-adjusted basal finger pressure of 60 mmHg was 
shown to have a sensitivity and specificity of 100 and 87 % 
in a study [35]. The DBI, calculated by dividing the digital 
pressure by the brachial artery pressure (usually measured by 
Doppler), is often used in conjunction with finger pressure 
readings. A value of less than 0.7 is suggestive of the pres- 
ence of an obstructive lesion. Goff et al. reported that a DBI 
of less than 0.6 identifies a patient at risk of developing steal 
syndrome [36]. In a prospective study to examine the value 
of preoperative DPI, patients with DBI <1.0 were found to 
be more likely to develop steal syndrome, but there is no 
DBI threshold below which one can use to predict the occur- 
rence of steal syndrome accurately. Using the DBI cutoff as 
1, the sensitivity and specificity were 64 and 69 %, respec- 
tively. Decreasing the threshold to <0.8 will increase the 
specificity to 93 % but sensitivity will decrease to 29 %. The 
cutoff value of <0.6 was not tested in the study as the only 
patient with such a value did not develop steal syndrome 
after access creation [37]. Papasavas et al. did a similar study 
and found that a DBI of less than 0.6 on the day of surgery 
can reasonably predict which patients are at risk for the 
development of symptomatic steal [38]. 

The digital pressure is increased by decreasing the flow in 
the AV access. This principle has been used to guide surgical 
correction of AV access that is causing DHIS. Intraoperative 
digital photoplethysmography has been used during surgery 
to guide the amount of banding needed to achieve a digital 
pressure of 50 mmHg or DBI of more than 0.6 [39, 40]. 

TcO, measurement is another noninvasive method for 
assessing tissue hypoxia. TcO, of the AV access limb will 
decrease immediately postoperatively but will recover and 
stabilize by 1 month. Significant tissue hypoxia, defined as 
<55 mmHg, may be seen immediately postoperatively. It is 
observed more frequently in diabetic rather than nondiabetic 
patients. In most cases, it is transient and will be completely 
compensated for during the first postoperative month [41]. 

Although there are no TCPO, levels below 60 mmHg that 
will accurately predict if a patient will develop dialysis- 
associated ischemia [42], TcO, of less than 30 mmHg can be 


124 


observed in patients who have severe critical ischemia [43]. 
Similar to intraoperative digital photoplethysmography, 
intraoperative use of TcO, has been used as a monitoring tool 
during corrective surgeries for DHIS [44]. 

The use of the hemodynamic measurements, while useful 
in providing important collaborative information in the diag- 
nosis of DHIS, can be affected by a variety of factors such as 
temperature, draft, and emotional stress. The performance of 
these tests should be done in a controlled environment/labo- 
ratory to provide accurate and reproducible results [11]. 


17.5.3 Catheter-Based Contrast 
Arteriography 


Catheter-based contrast arteriography is often considered the 
“gold standard” in the evaluation of DHIS. It is very useful 
to delineate the underlying etiology and develop treatment 
strategies. As discussed in the earlier section, DHIS can 
occur as a result of excessive high-flow AV access that over- 
whelms the normal compensatory mechanism, restriction of 
blood flow to the hand from discrete arterial stenosis either 
proximal or distal to the AV access anastomosis, or vascular 
maladaptation as a consequence of diffuse atherosclerosis or 
vascular calcification. Frequently, more than one etiology 
may be present to cause tissue hypoperfusion and angiogra- 
phy with digital subtraction (DSA) is an excellent tool to 
exclude the presence of arterial stenosis, which can be treated 
easily with angioplasty. The entire arterial system of the 
upper limb, from the aorta to the palmar arch, should be visu- 
alized. Occasionally, unexpected and interesting causes of 
DHIS can be identified (Figs. 17.1, 17.2, and 17.3). Either 
the antegrade approach via the femoral artery or the retro- 
grade approach via the AV access can be employed. 

We tend to favor the retrograde approach via the AV 
access over the femoral approach as it is relatively easy to 
access and safe and yields good results. For the retrograde 
approach via the AV access, insert a 5- or 6-French (F) intro- 
ducer sheath after retrograde puncture of the venous outflow. 
Avoid puncturing too close to the anastomotic site to avoid 
damage to the AV anastomosis and to allow sufficient work- 


Fig. 17.1 An abandoned AVF causing distal hypoperfusion ischemic 
syndrome after arteriovenous graft creation 
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Fig. 17.2 Proximal arterial stenosis from previous arteriovenous graft 
creation 


Fig. 17.3 Diffuse arterial disease causing distal hypoperfusion isch- 
emic syndrome. The palmar arch is poorly visualized in this patient 


ing space for sheath introduction. After the assessment of the 
venous outflow is completed, transverse the arterial anasto- 
motic site with a 0.014-in. or 0.035-in. hydrophilic guide- 
wires. Advance a diagnostic catheter (either using a standard 
4-Fr straight catheter or pigtail-shaped catheter) into the bra- 
chiocephalic trunk (in the case of a right-sided access) or 
subclavian artery (in the case of a left-sided access), and a 
complete arteriogram of the inflow can be performed from 
here. If the most proximal part of the inflow cannot be visual- 
ized properly by backflow of contrast with the catheter in the 
brachiocephalic trunk or subclavian artery, advance the cath- 
eter into the aortic arch to visualize this segment. Due to the 
presence of arterial steal, compression of the AV access is 
often needed to assess the distal arterial system. 

The distinct advantage of arteriography above other 
imaging modalities such as computed tomography angiogra- 
phy (CTA) and magnetic resonance angiogram (MRA) is the 
ability to perform intervention in the same setting. After 
complete diagnostic angiography, retrograde advancement 
of angioplasty balloons or stents for treatment of upstream 
stenosis is always feasible. Distal arterial lesions may require 
an additional puncture, but treatment can be carried out in 
the same setting. 


17.5.4 Imaging Using Computed 


Tomography Angiography (CTA) 


Initial experience with CTA for the evaluation of failing 
hemodialysis access was performed using single-detector 
helical CT technology. Despite its limited spatial resolution 
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Fig. 17.4 High-quality CTA showing the entire arterial tree and arte- 
riovenous fistula 


and anatomic coverage, good correlation to digital subtraction 
angiography has been reported [45, 46]. Multi-detector (4, 
16, 32, or 64) CT (MDCT) technology offers improved tem- 
poral and spatial resolution and greater anatomic coverage, 
making it a valuable tool for diagnosis of dysfunctional AV 
access. The reported sensitivity and specificity for lesions 
detected by a4-MDCT can be up to 98.7 and 97.5 %, respec- 
tively [47]. 

In view of these, CTA can be a good alternative to DSA to 
exclude the presence of arterial stenosis in DHIS (Fig. 17.4). 
This may be useful if high flow through the AV access is the 
suspected cause of the DHIS and imaging is needed to 
exclude coexisting arterial stenosis before banding or correc- 
tive surgery. The downside to such an approach is the need to 
schedule a separate intervention procedure if stenotic lesions 
are detected on CTA. Some surgeons might not be comfort- 
able to perform banding or corrective surgery based on CTA 
and might request for an angiogram to confirm the CT 
findings. 

Similar to CT angiography, MRA is an excellent tool for 
diagnosis of dysfunctional AV access without the need for 
exposure to ionizing radiation. Recent discovery of the asso- 


ciation between the use of gadolinium-based contrast agents 
(GBCAs) and nephrogenic systemic fibrosis (NSF) in dialy- 
sis patients has dampened the enthusiasm for the use of MRA 
in dialysis patients. Although various strategies have been 
proposed to decrease the risk of NSF [48], the availability of 
alternative imaging modalities makes it hard to justify the 
use of GBCA-enhanced MRA to image the AV access. The 
use of non-contrast MRA to image the upper limb vascula- 
ture has been attempted in healthy volunteers [49]. While it 
is feasible, the arterial image quality and _ vessel-to- 
background ratios were lower [49]; hence, applicability to 
imaging of AV access is questionable. 


17.5.5 Electrophysiology Study 


Nerve conduction studies and electromyography (EMG) are 
valuable in the workup of neuropathy. It should be empha- 
sized that IMN is essentially a clinical diagnosis, and treat- 
ment should not be delayed because of the wait for 
electrophysiological confirmation. In the acute phase, fibril- 
lation potentials and motor unit loss may be demonstrated on 
EMG. There is usually no evidence of a discrete infarction 
level, and the characteristic changes revert to normal as one 
moves proximally in the affected limb. Nerve conduction 
studies typically reveal decreased amplitudes and low- 
normal or mildly slowed conduction velocities, but with nor- 
mal latencies [16]. 


17.6 Management 

The management of IMN and DHIS will be discussed. Due 
to the potential devastating consequences of IMN, treatment 
should be initiated immediately. The NKF KDOQI guide- 
lines state that IMN is a clinical diagnosis and immediate 
closure of the AVF is mandatory [50]. 

For DHIS, management is dependent on the severity of 
disease. Various classification has been proposed and sum- 
marized in Table 17.3 [10, 21, 30]. The common features are 
that intervention should be based on clinical symptoms and 
urgency of intervention is related to the severity of signs and 
symptoms. Aim of intervention is preservation of limb with 
salvage of AV access where feasible. 

The treatment approach is as shown in Fig. 17.5. Patients 
with symptomatic DHIS should be screened for the pres- 
ence of arterial stenosis [8, 51]. Arterial stenosis proximal 
or distal to the AV access [52] has the potential to cause 
DHIS, and angioplasty can lead to immediate relief of 
symptoms [8]. If ischemic symptoms occur in the absence 
of any arterial lesions or persist despite successful treatment 
of the arterial lesions, corrective intervention or surgery 
would be required and various techniques have been 


126 


C.S. Tan et al. 


Table 17.3 Summary of the classification systems to describe severity and grade of DHIS in the literature 


Severity grading in combination with 
ultrasound [30] 


Grade 0 (No steal) 


Staging [21] 


Grade [10] Symptoms [10] 


Treatment [10] 


1 Grade 1 (Mild with demonstrable flow 1 Signs of ischemia but patient is asymptomatic No treatment 
augmentation with access occlusion) 
2 Grade 2 (Moderate) 2a Symptomatic during dialysis with tolerable pain Conservative treatment 
2b Symptomatic during dialysis with intolerable Conservative + intervention 
pain 
3 Grade 3 (Severe) 3 Rest pain or loss of motor function Urgent intervention 
4 4a Limited tissue loss with preservation of hand Urgent intervention 
function after reversal of ischemia 
4b Irreversible tissue loss with loss if significant | Amputation 
function 
Fig. 17.5 Approach to patient 
with distal hypoperfusion Patient with DHIS 
ischemic syndrome 
F Arterial 
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described. The interventions can be broadly divided into 
three categories: flow reduction intervention, reconfigura- 
tion of the AV access, or ligation. The underlying principle 
is to reverse or limit the pathophysiological changes that AV 
access creation had imposed on the upper limb. Ideally, the 
interventionist or surgeon would like to ameliorate steal and 
preserve the AV access for dialysis at the same time. The 
choice of intervention is often dependent on the baseline AV 


Yy 
“Normal” flow 
AVF flow <400-800 mlis/min 
AVG flow 600-1 ,200 mls/min 
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Reconfiguration of AV 
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PAI, or MILLER procedure, or 
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Surgical Banding 


access flow. If the baseline AV access flow is low (defined as 
<400 mls/min in AVF and <600 mls/min in AVG) [43] and 
is causing steal despite its low flow, ligation of the AV 
access is probably the best option. On the other hand, a 
high-flow AV (defined as >800 mls/min in AVF and 
>1,200 mls/min in AVG) [43] access is probably amendable 
to flow reduction intervention and still have sufficient flow 
for dialysis. For AV access that has flows within the “normal 
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range” (defined as between 400 and 800 mls/min in AVF 
and 600 and 1,200 mls/min in AVG), reconfiguration of the 
AV access is probably the best treatment option. In patients 
who present in advance stages of DHIS where reversal of 
steal is unlikely to reverse the extensive tissue damage or 
result in meaningful functional recovery, amputation of the 
hand rather than ligation of AV access may be considered. 
The advantages of such a drastic approach would be the 
preservation of preexisting AV access and protection of the 
contralateral arm from risk of steal syndrome with new 
access creation. 


17.6.1 Flow Reduction Intervention 

Flow reduction intervention can be achieved through the use 
of open surgical banding techniques or a minimally invasive 
procedure called the minimally invasive limited ligation 
endoluminal-assisted revision (MILLER) procedure. The 
aim is to create a narrow segment around the AV anastomotic 
site to reduce the flow through the AV access and improve 
distal perfusion. As alluded to earlier, this type of interven- 
tion is best suited if the baseline AV access flow is high. The 
success rate for banding in a large series was reported to be 
86 % for symptom control with a 1-year patency rate of 91 % 
for AVF [53]. Some forms of objective measurements such 
as Doppler or TcO, are often used intraoperatively to help 
the surgeon determine the amount of banding that is required 
to improve tissue perfusion and maintain adequate flow 
within the AV access. The use of nonabsorbable sutures, 
polytetrafluoroethylene (PTFE) cuff, and small caliber 


interposition grafts for surgical bandings is well described in 
the literature [43]. 

Interventional nephrologists pioneered the MILLER 
procedure for treatment of DHIS. The procedure can be 
performed in the outpatient settings under local anesthe- 
sia (1 % Xylocaine) and intravenous conscious sedation. 
Through a 1—2-cm incision around the AV anastomotic 
site, the vein or graft is carefully isolated using blunt dis- 
section technique. A nonabsorbable ligature is tied around 
the isolated segment over an inflated 4- or 5-mm angio- 
plasty balloon to achieve the desired size of the access 
inflow. The size of the angioplasty balloon is based on the 
diameter of the distal artery and is usually equal or smaller 
than the measured diameter. The procedure can be 
repeated with a second ligature tied approximately 0.5 cm 
juxtaposed to the first ligature if there is no improvement 
in the symptoms after the first attempt [54]. The outcomes 
have been impressive. Symptomatic relief was achieved in 
95.6 % of the patients with DHIS, and primary band 
patency and secondary access patency were 75 and 90 % 
at 6 and 24 months, respectively [55]. Intra-procedure 
flow monitoring, if available, may also be used to comple- 
ment the banding procedure to objectively document the 
reduction in flow. 


17.6.2 Reconfiguration of the AV Access 


Three different methods will be described here. The differ- 
ences in the three approaches are as shown in Fig. 17.6. 
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Distal Revascularization with Interval Ligation 
(DRIL) 

Distal revascularization with interval ligation (DRIL) was 
first described by Schanzer et al. in 1998 for correction of 
ischemic steal phenomenon and preservation of AV access 
function [7]. An arterial bypass is created upstream from the 
anastomosis to the brachial artery just distal to the AV anas- 
tomosis using a reversed saphenous vein bypass. The native 
brachial artery is ligated just distal to the AV access (but 
before the bypass anastomosis). The success of DRIL was 
attributed to the ability of the arterial bypass to function as a 
low-resistance conduit in parallel configuration to the low- 
resistance conduit created by the AV anastomosis. The net 
effect is alteration in the ratios of resistance between the AV 
access and forearm circulation such that the amount of blood 
shunted through the brachial AV access is decreased and dis- 
tal perfusion is augmented [6]. Illig et al. measured the intra- 
vascular pressure and flow measurements before and after 
DRIL in nine symptomatic patients with DHIS. He noted an 
increase in the pressure at the “newly created” junction 
where the blood flow splits to supply both the hand and AV 
access. He proposed that the hemodynamic improvement 
was secondary to the relative increase in the resistance of the 
fistulae and decreased resistance of the path down the fore- 
arm, thus allowing antegrade flow down the new bypass to 
the forearm [56]. The DRIL procedures has been shown to 
have a good clinical success rate [57] but does have potential 
complications such as bypass failure and worsening isch- 
emia [58]. The reported success rates for symptom control 
and primary patency at 1 year were 77—100 and 29-95.6 %, 
respectively [57—60]. 


Revision Using Distal Inflow Procedure (RUDI) 

RUDI can be a viable alternative to DRIL, which is a com- 
plex surgery. It involves ligating the AV access just after the 
arterial anastomosis and re-anastomose to a more distal 
artery such as the radial artery using a bypass graft (which 
can be autogenous or with PTFE) [61]. It is probably useful 
for AV access that has “normal” or high flow. This is a simple 
and useful procedure. If the vein is already well arterialized, 
the AV access can be used immediately without the need for 
tunneled dialysis catheter insertion. Another advantage over 
the DRIL is that the anatomy of the arterial supply to the 
forearm is intact and there is no risk of forearm ischemia if 
the bypass graft is occluded. 


Proximalization of Arterial Inflow 

Proximalization of arterial inflow (PAI) is another good alter- 
native to DRIL. It involves revising the AV anastomosis to a 
more proximal origin such as the axillary artery using a PTFE 
bypass graft. The surgery is helpful in relieving ischemic 
symptoms as the pressure is higher at the proximal arterial 
anastomosis; therefore, arterial pressure drop distal to the AV 
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anastomosis will be significantly lower at the same access 
flow. Furthermore, collateral flow begins at a much higher 
point in the arm, hence, preventing the occurrence of isch- 
emic symptoms. Unlike DRIL, there is no need to ligate the 
brachial artery, and thrombosis of the bypass graft will only 
lead to loss of AV access without risk of compromising the 
distal arterial flow. The reported success rates for symptom 
control and primary patency at 1 year were 84 and 87 %, 
respectively [62]. The bypass graft is being used as a conduit 
and should not be cannulated for dialysis. PAI has been suc- 
cessfully used in the correction of “normal” flow AV access 
with DHIS [63]. 


17.6.3 Ligation 


Ligation will ameliorate steal and result in improvement of 
symptoms. This option can be used in the settings of severe 
limb ischemia where immediate reversal of flow is critical 
for limb preservation, AV access with low baseline flow, 
steal syndrome which develops after successful kidney 
transplant, or failure of flow reduction or reconfiguration sur- 
geries to correct DHIS. 

Although uncommon, DHIS have been described to occur 
in RCAVF as well. In such situation, surgical ligation or 
endovascular coil embolization [63] of the distal radial artery 
can be done to ameliorate steal syndrome. It is extremely 
critical that adequate collateral circulation is confirmed 
before carrying out the procedure. 


17.6.4 Prevention of DHIS 


Preoperative assessment can play a key role in the preven- 
tion of DHIS. The Allen’s test is useful to test the patency 
of the palmar collaterals. In the presence of risk factors 
such as advance age, diabetes, and history of peripheral 
vascular disease, preoperative assessment of the arterial 
system using Doppler may be useful to diagnosis subclini- 
cal lesions. Creation of a radiocephalic AVF should be pre- 
ferred to elbow AV access as it preserves vascular “real 
estate” and is associated with a lower risk of DHIS. In cases 
where creation of BC AVF is necessary, the “extension 
technique” has been described to be an effective procedure 
for prevention of DHIS. The surgical approach is similar to 
BC AVF creation, but instead of anastomosing the vein to 
the brachial artery, dissection is done beyond the brachial 
artery bifurcation to expose the proximal radial and ulnar 
arteries. Either the radial or the ulnar artery is used for 
anastomosis with the median vein. The added advantage of 
this technique is concurrent maturation of both cephalic 
and basilic veins [64]. 
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Conclusion 

DHIS can have a wide spectrum of symptoms, and it is 
important for nephrologists to be cognizant of its presen- 
tation, diagnosis, and treatment options. Timely interven- 
tion can prevent catastrophic consequences such as loss of 
hand function and amputation. 
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Central Vein Stenosis 


Davinder Wadehra 


18.1 Epidemiology 

True incidence and prevalence of central vein stenosis are 
not known as most of CVS is asymptomatic and therefore 
fails detection. A study done by Schwab et al. estimates prev- 
alence of subclavian stenosis at 25 % [1]. Similarly, another 
study from the 1980s reported venographic evidence of sub- 
clavian stenosis in 18 of 36 (50 %) patients [2, 3]. In a retro- 
spective investigation of symptomatic HD patients 
undergoing angiography, 19 % of all patients and 27 % of 
those with a previous history of CVC placement were found 
to have CVS, similar to the finding of 16 % in a duplex and 
angiographic study [4, 5]. 


18.2 Risk Factors Associated with CVS 


18.2.1 Prior History of CVC 

It is uncommon for CVS to occur in HD patients, without 
prior history of central venous access placement or interven- 
tion. Placement of multiple central venous catheters, with 
increased duration of catheter dwell times, has been associ- 
ated with a higher risk of CVS [4, 6, 7]. 

Study by Hernandez et al. examined 42 consecutive 
chronic renal failure patients in whom subclavian catheters 
had been placed as the initial vascular access for hemodialy- 
sis. All patients underwent sequential venography studies: at 
baseline (24—48 h after removal of the catheter) and 1, 3, and 
6 months thereafter. Venograms were considered abnormal 
when there was evidence of unequivocal strictures (more 
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than 30 % narrowing), with or without collateral circulation. 
At baseline, 52.4 % (n=22) of patients showed stenotic vein 
lesions (n=19) or total thrombosis (n=3), and identical 
lesions were also observed after 1 month. Surprisingly, 10 of 
22 patients with initial CVS (45.4 %) showed spontaneous 
recanalization of venous lesions in the venographies per- 
formed 3 months after removal. Patients with definitive ste- 
nosis at 6 months had a higher number of inserted catheters 
(1.58 versus 1.2; p<0.05), longer time in place (49 versus 29 
days; p<0.05) than those without CVS or with spontaneous 
recanalization of venous lesions during follow-up. 
Furthermore, a higher number of catheter-related infections 
were observed in patients with definitive CVS (66.6 % ver- 
sus 33.3 %; p<0.05) [8]. Similarly, a study by Macrae et al. 
found that 55 out of 133 patients (41 %) had evidence of 
significant CVS on venogram. Patients with CVS had a lon- 
ger duration on HD and a history of a previous HD catheter 
insertion [7]. 

In a prospective study by Oguzkurt et al., 57 patients with 
temporary dialysis catheters had catheter venography by 
pulling back the catheter just before removal. This study 
showed that even short-term catheters result in significantly 
high rates of pericatheter sleeve and thrombus formation, 
which are two of the important causes of catheter malfunc- 
tion. These findings remind us again that we should avoid 
unnecessary catheter insertion even for short term in these 
chronically ill patients [9]. 


18.2.2 Site of CVC Placement 


Central venous catheters placed by a subclavian access have 
a particularly high risk, with a 42 % incidence of CVS com- 
pared to a 10 % rate with catheters placed via an internal 
jugular vein access [2, 6, 10]. This has been reported by 
Schillinger et al. angiographically, when they compared the 
subclavian—brachiocephalic vein of 50 patients dialyzed by 
subclavian catheter to those of 50 patients dialyzed by inter- 
nal jugular catheters [11]. 
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There is also an increased predilection for CVS to occur 
with left-sided access for catheter placement, which may be 
related to the more tortuous course catheters that have to tra- 
verse from a left-sided access [11—14]. 


18.2.3 PICC and Ports 


Study by Grove et al. showed that the overall thrombosis rate 
was 3.9 % after PICC placement. Multivariate analysis of the 
results indicated that only catheter diameter remained sig- 
nificant. There was no thrombosis in catheters 3 F or smaller. 
The thrombosis rate was 1 % for 4-F catheters, 6.6 % for 5-F 
catheters, and 9.8 % for 6-F catheters [15]. The smallest 
acceptable catheter diameter should be used to decrease the 
incidence of venous thrombosis. New central vein stenosis 
or occlusion occurred in 7 % of patients following upper arm 
placement of venous access devices. Patients with longer 
catheter dwell time were more likely to develop central vein 
abnormalities. With an increasingly prevalent use of PICC 
lines, the complication of CVS is likely to become more 
prevalent. Not only the awareness of this complication needs 
to be improved, the use of alternative means of intravenous 
access, such as single-lumen central venous infusion cathe- 
ters, should be seriously considered to avoid the loss of an 
arm vein for the future creation of AVF [15-19]. 


18.2.4 Pacemaker/Defibrillator Wires 


CKD/ESRD shares risk factors with cardiovascular disease, 
and it is not uncommon for these patients to undergo implanta- 
tion of pacemakers or defibrillators. Thirty consecutive 
patients with a transvenous defibrillator lead underwent bilat- 
eral contrast venography of the cephalic, axillary, subclavian, 
and brachiocephalic veins as well as the superior vena cava 
before an elective defibrillator battery replacement. The mean 
time between transvenous defibrillator lead implantation and 
venography was 45 +21 months. Sixteen patients (>50 %) had 
more than one lead in the same subclavian vein. No patient 
had clinical signs of venous occlusion. Subclavian stenosis 
(defined as more than 50 % stenosis) was found in 50 % of 
patients, and 13 % of patients had more than 75 % stenosis 
[20-22]. Total or partial obstruction of the access veins occurs 
relatively frequently after pacemaker or ICD implantation. 
Multiple pacing or ICD leads are associated with an increased 
risk of venous obstruction, whereas antiplatelet/anticoagulant 
therapy appears to have a preventive effect on the development 
of access vein thrombosis [23]. If a device is to be placed in a 
dialysis patient, it should not be placed on the side of the AV 
access because of the high incidence of CVS. Another study 
by Bulur et al. studied 86 patients who had undergone biven- 
tricular device implantation. Subclavian vein stenosis was 
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present in 39 % of all participants. Among the patients with 
subclavian obstruction (n=33), 8 had mild obstruction, 15 had 
severe obstruction, and 10 had total occlusion [24]. 


18.2.5 Catheter Composition 


A variety of plastic materials including polyvinyl chloride, 
polyethylene, polyurethane, and silicone has been used in 
the production of CVC for hemodialysis. In animal experi- 
ments, silicone was shown to be less thrombogenic than 
other materials [25-27]. Trials systematically comparing 
CVC made from different materials to assess their respective 
rates of infection or thrombosis in hemodialysis patients 
have not been published. 

In a rabbit model, polyethylene and polytetrafluoroethyl- 
ene catheters caused more inflammation than silicone and 
polyurethane. Obstructions of the venous lumen were sig- 
nificantly more frequent with the rigid catheters than with 
the soft catheters [26]. 


18.2.6 Idiopathic 

A study by Oguzkurt et al. showed that 10 % of hemodialysis 
patients had stenosis of a central vein without a previous cen- 
tral catheter placement. Central venous stenosis in hemodial- 
ysis patients without a history of central venous catheterization 
tends to occur or be manifested in patients with a proximal 
permanent vascular access with high flow rates [28]. 


18.2.7 Catheter Infections 


A study by Hernandez et al. retrospectively analyzed 80 
catheterizations in a total of 54 chronic HD patients from a 
single center. Sixteen catheters had to be removed because of 
a well-documented catheter-related infection. For compari- 
son they matched 14 concurrent catheters, which were elec- 
tively removed without evidence of infection and with a 
negative culture of the catheter tip. A venogram of the ipsi- 
lateral arm was performed in all the cases after more than 6 
months of catheter removal. CVS was three times more com- 
mon among patients with previous catheter-related infection 
(75 % versus 28 %; p<0.01) [8, 14, 29, 30]. 

A group of 479 jugular vein catheterizations, 403 RJVC, 
and 77 LJVC done in 294 prevalent hemodialysis patients 
were analyzed. Of the RJVC, 44 (10.9 %) of 403 were 
removed because of infection compared with 16 (20.8 %) of 
77 LJVC (p<0.02). The overall incidence of infections was 
1.58 episodes of infection per 1,000 catheter days, 1.57 for 
RJVC, and 3.72 for LIVC, respectively. Catheter dwell times 
were not different in this study [14]. 
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18.3 Pathogenesis 

The precise mechanism of CVC-associated CVS remains 
largely undefined. Plausible mechanisms are linked to the 
CVC-induced trauma to the venous endothelium and the 
resultant inflammatory response within the vessel wall. 
Aside from the initial trauma at the time of CVC placement, 
many factors, including the presence of foreign body in the 
vein, sliding movement of the catheter with respiration, pos- 
tural and head movements, and increased flow and turbu- 
lence from creation of AVF, alone or in combination, 
stimulate various processes within the vessel wall. The high 
blood flow associated with dialysis, turbulence, and vibra- 
tions has shown to cause platelet aggregation and deposition 
and endothelial hyperplasia [31-33]. 

Histologic examination of specimens from subclavian 
vein stenosis has corroborated this endothelial hyperplasia 
hypothesis by demonstrating the presence of fibrous tissue 
[34]. In addition, the uremic milieu hypothesis has been sup- 
ported by recent findings of intimal changes in the cephalic 
vein of renal failure patients even prior to AV fistula con- 
struction [35]. Intravascular thrombosis can result from the 
release of profibrotic cytokines that are associated with 
platelet—platelet aggregates in this scenario [36]. Furthermore, 
direct physical damage from the movement of the catheter 
tip or body against a vessel wall can potentially result in 
thrombin generation, platelet activation, expression of 
P-selectin, and an inflammatory response [37, 38]. 


18.4 Clinical Features 

CVS can be asymptomatic, detected on a pre-access place- 
ment diagnostic venogram or fistulogram for an immature 
fistula [1, 39]. One hundred ninety patients, 61 with acute 
renal failure and 129 with chronic renal failure, underwent 
hemodialysis using a total of 302 subclavian vein catheters. 
Local hematomas and sepsis (seven events) were the only 
acute complications. Subclavian vein stenosis and/or throm- 
bosis had occurred and were shown in 5 of 44 patients who 
had AV access created distal to the venous outlet obstruction, 
resulting in the loss of 3 of 5 of these accesses. 

In view of the fact that subclavian vein stenosis or occlu- 
sion is not associated with any clinical findings and we were 
unable to identify any predisposing factors associated with 
the use of the catheters, all patients who have had previous 
subclavian vein catheters probably should be evaluated to 
determine the patency of the subclavian vein before creation 
of a permanent access in that arm [39]. Most occult CVS 
becomes clinically apparent after development of a function- 
ing AV access in the ipsilateral extremity. 

Symptomatology secondary to CVS depends on the ana- 
tomical location of the stenosis or obstruction. Narrowing or 
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occlusion of the subclavian vein most commonly presents 
with edema and/or venous hypertension of the correspond- 
ing extremity and breast. Innominate vein stenosis or occlu- 
sion affects blood flow from the same side of the face as well 
as the upper extremity and breast leading to ipsilateral 
extremity and possible facial edema. Approximately, only 
50 % of patients with significant CVS will develop ipsilat- 
eral upper extremity edema. In study by Schwab et al., 47 
patients underwent upper arm venography to evaluate fistula 
dysfunction. Subclavian vein stenosis was documented in 
12. Eleven of twelve had elevated venous dialysis pressure 
(196+8.9 mmHg), and six had arm edema [1]. 

Edema is much more common once a functional ipsilat- 
eral upper extremity AV access is created [40]. Use of this 
access for HD can lead to further exacerbation of the edema, 
with acute swelling, tenderness, pain, and associated ery- 
thema, which can mimic cellulitis. Associated edema of the 
breast on the ipsilateral side along with pleural effusions 
may develop [41, 42]. See Fig. 18.1 below. 

CVS may lead to aneurysmal dilation and tortuosity of an 
AV access. Progression may be prevented with prompt treat- 
ment of the inciting central lesion. Marked aneurysmal dila- 
tion may have to be treated with surgical revision or ligation 
of the AV access. CVS leads to the development of collater- 
als, which divert blood centrally via enlarged collateral 
veins. The collateral veins are often evident on physical 
examination of the neck, chest, and ipsilateral extremity. 
Rarely, the collaterals can bypass sufficient blood flow cen- 
trally, leading to improvement or stabilization of the CVS 
symptoms. See Fig. 18.2 below. 

Superior vena cava syndrome is a very uncommon but 
feared complication of superior vena cava stenosis or 


Fig. 18.1 R arm swelling due to CVS (Image courtesy of Dr. 
Vachhrajani) 
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Fig. 18.2 Visible distended veins on arm and shoulder (Image cour- 
tesy of Dr. Vachhrajan1) 


obstruction or bilateral innominate vein narrowing or occlu- 
sion [43, 44]. This clinical syndrome is comprised of edema 
of the upper extremities, face, and neck, along with multiple 
dilated collateral veins over the chest and neck. Acute emer- 
gent treatment of superior vena cava syndrome is sometimes 
required. 

CVS may also decrease access blood flow, leading to 
access recirculation and inadequate dialysis. This may also 
present as elevated venous pressure during HD and pro- 
longed bleeding from needle sites after dialysis. If there is a 
significant decline in access blood flow, the AV access may 
become occluded secondary to thrombosis. Thrombolysis 
techniques will be ineffective or lead to recurrent thrombo- 
sis, unless the CVS is also treated. 

Positioning of the central venous catheter tip low down in 
the superior vena cava or in the right atrium has been advo- 
cated to improve dialysis adequacy and to reduce the inci- 
dence of catheter thrombosis. However, placement of the 
catheter tip within the right atrium may be associated with an 
increased risk of right atrial thrombus. 


18.5 Diagnosis 

An asymptomatic CVC is usually detected by angiography 
performed either in preparation of access placement or after 
the placement of AV access. 

The diagnosis of the CVS can most often be made or sus- 
pected based upon a careful history and clinical examination. 
History of previous CVC placement, especially if multiple, 
should alert one to the possibility of CVS. Presence of pace- 
makers or automatic cardioverter defibrillators should 
prompt careful investigation to look for the presence of CVS 
and its resolution prior to placing a vascular access on the 
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ipsilateral side. Extrinsic causes of CVS should also be con- 
sidered and investigated. 

Examination revealing numerous dilated collaterals in the 
neck or chest and arm edema on the ipsilateral side indicates 
obstruction to outflow. In case of bilateral CVS, a clinical 
picture of SVC syndrome can be seen, with facial edema. 
The direction of blood flow in collateral veins can be ascer- 
tained by careful examination. Central vein stenosis can 
often be confirmed by color-flow duplex venous ultrasound. 
A normal respiratory variation in the diameter of central 
veins and polyphasic atrial waves are present in most patients 
with patent central veins [45]. The presence of numerous 
collaterals in the neck is usually indicative of CVS. However, 
Doppler may mistake a dilated collateral vein as a patent 
central vein, unless attention is paid to the absence of respi- 
ratory variation [46]. It may be difficult to visualize central 
veins with ultrasound in those with significant muscle mass 
or obesity. 

Central venography is the gold standard for the diagnosis 
of CVS. In a series of 141 patients, 54 stenoses were diag- 
nosed in 41 patients by color-flow duplex and 64 stenoses 
were diagnosed by angiography [47]. There were 13 CVS 
(20.3 %), with 9 of the 13 CVS diagnosed by angiography 
only. Digital subtraction angiography is more sensitive than 
color duplex sonography in the evaluation of dialysis access. 
The DOQI guidelines recommend venography prior to 
placement of a permanent access in patients with previous 
subclavian catheterization [48]. See Figs. 18.3 and 18.4 
below. 
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Fig. 18.3 L-sided central angiogram showing complete occlusion of L 
brachiocephalic vein with back flow into L IJV and presence of 
collaterals 
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Fig. 18.4 Post-PTA disappearance of collaterals with forward flow 


Magnetic resonance venogram permits avoidance of 
radiocontrast in a patient with advanced chronic kidney dis- 
ease (CKD), where preservation of residual renal function is 
important [49]. This may also be useful in those with radio- 
contrast allergy. However, it should be noted that patients 
with decreased glomerular filtration rate (GFR) are at risk of 
developing nephrogenic systemic fibrosis [50]. 


18.6 Treatment 

The treatment of CVS is indicated when symptoms are pres- 
ent. Some patients with asymptomatic CVS have adequate 
development of collaterals, which allow continuation of dial- 
ysis from the access without the development of symptoms 
or signs. These individuals need close monitoring and inter- 
vention if there is deterioration. 


18.6.1 Conservative 

The conservative treatment of CVS that is non-emergent 
involves elevation of the extremity and anticoagulation to 
prevent thrombosis associated with CVS. This strategy may 
be effective as a bridge to more definitive therapy and relies 
on the development of relatively adequate collaterals. In one 
study of high-grade (>50 %) CVS in 35 asymptomatic HD 
patients with 38 AVGs, 86 venograms were reviewed [51]. 
No intervention was done in 28 %, and none of these patients 
deteriorated or need further interventions. In contrast, 72 % 
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of the patients who underwent percutaneous angioplasty 
(PTA) had escalation of CVS after PTA in 8 %, which 
required further interventions. PTA of asymptomatic CVS 
greater than 50 % in the setting of hemodialysis access main- 
tenance procedures was associated with more rapid stenosis 
progression and escalation of lesions, compared with a con- 
servative approach. These observations are consistent with 
the empiric observation that stenosis often accelerates after 
PTA [52]. 

The appropriate use of prophylactic PTA can reduce 
thrombosis rates and possibly prolong access life [53-55], 
but injudicious use of the same technique may accelerate ste- 
nosis formation and access failure. This is not surprising as 
the mechanism of venous PTA is endothelial disruption and 
intimal stretching. Damage to these sensitive vessel layers 
can trigger immune reactions, myointimal proliferation, and 
fibromuscular hyperplasia, processes that together may ulti- 
mately accelerate stenosis formation [56]. 

In their study, not only did CVS progress at a greater rate 
in treated individuals, but PTA also may have triggered 
adverse events such as new stenosis formation, stent require- 
ment, and progression to symptomatic arm swelling. Along 
with being detrimental to the long-term patency of the cen- 
tral veins, the treatment of asymptomatic CVS with PTA had 
a low technical success rate in this cohort. A mean of 40 % 
residual stenosis was left after treatment with PTA despite 
aggressive use of large high-pressure balloons. While this 
degree of residual stenosis following PTA is higher than that 
in other studies in which PTA and/or stent placement for 
CVS has been described, restenosis is always the rule when 
this treatment modality is implemented. 

On the other hand, it can be argued that the 40 % residual 
stenosis in the aforementioned study left the lesion essen- 
tially untreated, so there is no surprise that the outcomes in 
the intervention group were worse. This observation is espe- 
cially meaningful in light of the Society of Interventional 
Radiology (SIR) guidelines’ definition of a “refractory 
lesion” as postintervention stenosis of >30 % [52]. Some 
authors have even suggested that central venous lesions rep- 
resent a primary indication for stent placement due to the 
poor outcome usually found with balloon dilation alone and 
the relatively small diameters that can be achieved with PTA 
(57, 58]. 


18.6.2 Percutaneous Transluminal 
Angioplasty 


Glanz et al. first reported PTA for CVS in 1984, with 
100 % technical success rate [57]. A subsequent study by 
Trerotola et al. in 1986 demonstrated similar technical and 
clinical success rates [60]. PTA is the first-generation tech- 
nology and the first-line treatment for CVS. Unfortunately, 
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at the time of the preliminary PTA studies, there were no 
clear defined reporting standards in place, leading to vari- 
able study methodology and endpoints. There are no large 
randomized control level one studies to assess PTA for 
CVS, making it difficult to draw conclusions on the out- 
comes of PTA, and make comparisons to alternative 
technologies. 

The work of Gerald Beathard set the tone for the debate in 
the early 1990s. In his pivotal study, stenoses were identified 
by venography in patients who met a set of clinical criteria 
indicating the need for evaluation. The lesions were classi- 
fied by location and type. Central lesions had the worst sec- 
ondary patency with only 28.9 % of all lesions remaining 
patent at 180 days, compared with a secondary patency 
61.3 % for peripheral lesions treated with PTA alone 
(p<0.01) [61]. PTA has demonstrated a variable technical 
success rate ranging from 70 to 90 % [31, 61-66]. A PTA 
study by Kovalik et al. in 1994 [60] made some interesting 
observations, including a technical failure rate of 7 %, with 
greater than 50 % improvement (nonelastic lesions) in 70 % 
of patients with CVS, and less than 50 % improvement (elas- 
tic lesions) in 23 % of patients with CVS. The study con- 
cluded that there were two types of central venous lesion: 
nonelastic lesions, which responded well to PTA, and elastic 
lesions, which were unresponsive or poorly responsive to 
PTA. It was felt the histology of the two types of lesions 
were different based on observations on intravascular ultra- 
sound [62]. 

Overall, the PTA patency results for CVS demonstrate a 
wide range of variability. There is a 6-month primary 
patency range of 23-63 % and a cumulative patency range 
of 29-100 %. There is a 12-month primary patency range of 
12-50 % and a cumulative patency range of 13—100 % [31, 
61-66]. One of the largest studies to date on PTA for CVS 
by Bakken et al. in 2007, comprising of 47 patients, demon- 
strated a technical success rate of 77 %. There was a pri- 
mary patency rate at 3 months of 58 %, 6 months of 45 %, 
and 12 months of 29 %. There was a cumulative patency 
rate at 3 months of 76 %, 6 months of 62 %, and 12 months 
of 53 % [66]. 

Technical failures will occur in a minority of patients 
when treating CVS with PTA in the range of 10-30 %. There 


Table 18.1 Comparing patency rates of PTA 


Angioplasty 

Study Year Number 
Beathard [59] 1992 27 
Quinn et al. [61] 1995 28 
Surowiec et al. [63] 2004 35 
Bakken et al. [64] 2007 49 


Primary patency 
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is clearly a subgroup of CVS patients with elastic lesions, 
unresponsive to PTA. It is also apparent that multiple 
repeated interventions with close surveillance are required 
with PTA for CVS, to maintain patency and prevent occlu- 
sion over the long term. 

Guideline 20 of K/DOQI recommends percutaneous 
transluminal balloon angioplasty (PTA), with or without 
stent placement and is considered the preferred approach to 
CVS [67]. PTA usually provides excellent initial results, but 
the long-term primary patency is not optimal. Among 50 
CVS in a series of 862 venous stenoses, an initial success 
rate of 89 % was followed by primary 6-month patency of 
only 25 % [61]. In contrast, peripheral venous angioplasty 
had an initial success rate of 94 % and a 6-month primary 
patency of 77 % indicating a different response of central 
veins to angioplasty. This is probably due to their greater 
elasticity and recoil than peripheral veins. Postoperative sur- 
veillance, either by clinical examination or by angiography, 
is necessary to detect recurrence of the lesion. Multiple pro- 
cedures are usually needed. 

It is important to note that in patients with a pacemaker, 
angioplasty can be successfully performed with pacemaker 
wires in place [20-22]. In a study by Asif et al. 28 consecu- 
tive patients underwent PTA procedure. Technical success 
was 95 %. Postprocedure clinical success was achieved in 
100 % of the cases where the procedure was successful. The 
primary patency rates were 18 and 9 % at 6 and 12 months, 
respectively. The secondary patency rates were 95, 86, and 
73 % at 6, 12, and 24 months, respectively. On average, 2.1 
procedures/year were required to maintain secondary 
patency. There were no procedure-related complications. 
This study finds PTA to be a viable option in the manage- 
ment of PM/ICD lead-induced CVS. 

The histologic basis for recurrent stenosis after PTA has 
been studied in stenotic AVF but not in CVS. 
Immunohistochemical measurement of proliferating cell 
nuclear antigen showed a very high proliferative index in 20 
restenotic AVF, when compared with 10 primary stenotic 
AVF [68]. The process was even more significant in diabetic 
individuals. However, the process of neointimal hyperplasia 
seen in AVF stenosis may not be applicable to the process of 
smooth muscle hyperplasia in CVS (Table 18.1). 


Secondary patency 


6 month 12 month 6 month 12 month 
29 - - - 

81 23 100 100 

55 43 - 80 

— 29 IT 73 


18 Central Vein Stenosis 


18.6.3 Bare-Metal Stents 


Bare-metal stents (BMS) were first placed in the dialysis 
access circuit, for refractory stenoses by Gunther et al. in 
1989 [67]. BMS are the second-generation technology and 
second-line treatment for CVS. BMS provide mechanical 
support to a site of stenosis which is resistant or unrespon- 
sive to PTA. BMS are potentially useful in CVS in the setting 
of the following: kinked stenoses, elastic stenosis post-PTA, 
sealing dissections or circumscribed perforations post-PTA, 
establishing and maintaining patency of chronic central vein 
occlusions, and post-PTA of highly resistant stenoses. 

However, there are significant limitations to BMS. Post- 
deployment, BMS may migrate, shorten, or fracture on a 
subacute or delayed basis. BMS placement may preclude 
future endovascular procedures or surgical revision. It is also 
clearly evident that all BMSs incite intimal hyperplasia, 
leading to recurrent stenoses and multiple repeat interven- 
tions to maintain patency. 

The use of BMS in HD access PTA interventions has sig- 
nificantly increased from 0 % in 1991 to over 9 % in 2001 
according to the United States Renal Data System [69, 70]. 
The exponential increase in BMS usage in HD access proce- 
dures has led to the development of guidelines for its appli- 
cations. The Society of Interventional Radiology Quality 
Improvement Guidelines recommend BMS be reserved for 
central vein lesions in which PTA has failed or that recur 
within 3 months after initially successful PTA or rupture 
after PTA [52]. Similarly, the consensus guidelines of the 
National Kidney Foundation Dialysis Outcomes Quality 
Initiative recommend that the use of stents be reserved for 
surgically inaccessible stenoses in which PTA fails [71-73]. 

Stent structure and composition may be a factor in the ini- 
tial technical success rate and long-term patency, although 
this has not been clearly demonstrated in the literature to date. 
As a general rule, self-expanding stents have been utilized for 
CVS. The first-generation self-expanding stent is the 
Wallstent™ (Boston Scientific). The Wallstent™ is con- 
structed of 18 filaments of Elgiloy woven into a mesh. The 
advantages of this stent include low profile, flexibility, and 
radiopacity. The disadvantages of this stent include foreshort- 
ening at the time of placement, eccentric loading (stenosis) 
which can lead to concentric narrowing and decreased radial 
strength, and rare delayed shortening and migration [74—78]. 

The second-generation self-expanding stents are the niti- 
nol stents. Nitinol is an alloy of nickel and titanium. It has a 
crystalline structure, which exists in two types of temperature- 
dependent forms. Nitinol undergoes a reversible shape trans- 
formation, which is preset by the ratio of nickel and titanium 
and high-temperature heating. When nitinol transforms to its 
higher temperature crystalline form (28-33 °C), it will 
expand to its preset size and become relatively more rigid. 
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Nitinol also has the characteristic of superelasticity, which 
will cause an applied external force to deform it but attempt 
to return to its original shape over time, or if the external 
force is removed [77-80]. 

The results for BMS demonstrate a wide range of vari- 
ability. The vast majority of the literature demonstrates a 
very high technical success rate, in the range of 100 %. There 
is a 3-month primary patency range of 63—100 % and a sec- 
ondary patency range of 72-100 %. There is a 6-month pri- 
mary patency range of 42-89 % and a secondary patency 
range of 55-100 %. There is a 12-month primary patency 
range of 14-73 % and a secondary patency range of 31-91 % 
[57, 58, 62-66, 81-86]. One of the largest retrospective stud- 
ies to date on BMS with Wallstent™ for CVS by Haage et al. 
published in 1999 with 50 patients demonstrated a 3-month 
primary patency rate of 92 % and 6- and 12-month primary 
patency rates of 84 and 56 %, respectively. There was a sec- 
ondary patency rate at 6 and 12 months of 97 % [84]. 
Unfortunately, these results have not been replicated else- 
where in the literature. Another retrospective study on nitinol 
BMS for CVS by Vogel et al. in 2004 [79] with 16 patients 
demonstrated 3-, 6-, and 12-month primary patency rates of 
81, 74 and 67 %, respectively. Secondary patency rates were 
not reported in this study [81]. 

There are no randomized control trials to date, comparing 
PTA and BMS in the setting of CVS. Another retrospective 
study by Bakken et al. [64] published in 2007 comparing PTA 
and BMS for CVS demonstrated 3-, 6-, and 12-month primary 
patency rates with PTA of 58, 25, and 29 % in comparison 
with 3-, 6-, and 12-month primary patency rates with BMS of 
65, 54, and 45 %. There were 3-, 6-, and 12-month secondary 
patency rates with PTA of 76, 62, and 53 % in comparison 
with 3-, 6-, and 12-month secondary patency rates with BMS 
of 72, 55, and 46 %. There was no significant difference in 
patency results between the PTA and BMS group. 

In summary, it appears BMS for CVS demonstrate a high 
technical success rate. There is clearly a group of CVS 
patients, who are unresponsive to PTA and will require BMS 
to achieve technical success. However, there is no literature 
to date demonstrating the superiority of BMS over PTA in 
the setting of CVS. Future randomized control trials will be 
needed to determine the appropriate role of BMS for CVS. 
See Figs. 18.5, 18.6, and 18.7 below. 


18.6.4 Covered Stents 


Covered stents (CS) also known as peripheral endografts 
have been proposed as a new treatment option for CVS. The 
potential advantages of a CS would include providing a rela- 
tively inert and stable intravascular matrix for endothelial- 
ization while providing the mechanical advantages of a 
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Fig. 18.5 Intrastent stenosis in L brachiocephalic vein 


Fig. 18.6 PTA of intrastent stenosis 


BMS. This could potentially reduce the intimal hyperplastic 
response, causing restenosis post-PTA or BMS placement. 
CSs are available in balloon expandable or self-expanding 
platforms. In practical terms, a self-expanding platform 
would be preferred, given the rigidity of the balloon expand- 
able platforms. There is minimal literature on CS usage in 
the HD access circuit. Most of the literature to date has been 
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Fig. 18.7 Post-PTA result of intrastent stenosis 


on the treatment of graft or outflow vein aneurysms and 
refractory venous outflow stenosis. A recent study by Jones 
et al. looked into the role of CS in CVS. Their results indi- 
cated primary patency of 67 and 45 % at 12 and 24 months, 
respectively. Secondary patency rates reported were 80 and 
75 % at 12 and 24 months [14]. Another recent study by 
Anaya-Ayala et al. also reported 100 % technical success 
like Jones study. Their 12-month primary and secondary 
patency rates were 56 and 100 %, respectively [39]. These 
studies have shown superiority over BMS and PTA and are 
the steps in the right direction. Further randomized studies 
are needed to confirm these findings. One of the concerns 
with covered stents is the risk of jailing other central veins 
(Table 18.2). 


18.6.5 Surgery 


Access Abandonment 

The simplest surgical solution for access-associated CVS is 
ligation of the access, which results in immediate relief of 
symptoms [87-90]. At the same time ligation is the most 
frustrating option as the vascular pathology causing the 
patient’s problem is not corrected and the respective extrem- 
ity is rendered unsuitable for further access procedures. 
Access abandonment requires placement of further catheter, 
while new access is being planned resulting in increased 
morbidity of these patients. This may result in development 
of CVS on contralateral side as well, which may preclude 
further access creation on contralateral side. Therefore 
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Table 18.2 Comparing patency rates of stents 

Primary patency Secondary patency 
Study Year Number 6 month 12 month 6 month 12 month Stent type 
Stent after angioplasty failure 
Quinn et al. [61] 1995 28 67 11 100 89 Gianturco 
Haage et al. [82] 1999 50 84 56 97 97 Wall 
Vogel et al. [79] 2004 15 74 67 — — Smart 
Jones et al. [85] 2011 30 81 67 100 80 Viabahn 
Anaya-Ayala et al. [86] 2011 25 = 56 - 100 Viabahn 
Primary stent placement 
Bakken et al. [64] 2007 26 - 21 - 46 Wall 


access ligation should be considered as the last resort, only 
when interventional or other surgical therapy of CVS is 
unreasonable or has failed. 


Surgical Reconstruction 

Based on data obtained from the few reports in the literature 
[91—96], the results of surgical reconstruction of mediastinal 
veins in ESRD patients are better than those of interventional 
procedures with primary patency rates of 80-90 % at 12 
months. These procedures, however, always mean major sur- 
gery. Patch angioplasty of a subclavian or brachiocephalic 
veins or orthotropic bypass surgery [93—96] requires clavicu- 
lar division or sternotomy (and general anesthesia) and is 
associated with high rates of postoperative morbidity and 
mortality. Extra-anatomical bypass (such as axillary-to- 
internal jugular vein) [91, 92, 96] is less distressing to the 
patient, but this results in the loss of another central vein for 
further access. 


Advanced Procedures 

When the central venous drainage of all four extremities is 
compromised, construction or maintenance of AV access can 
be difficult or impossible. In low-risk patients fit for median 
sternotomy, a subclavian artery-to-right atrial appendix 
bridge graft [97] can be constructed, or an axillary vein-to- 
right atrial bypass [94] be performed. In patients unfit for 
major surgery, fashioning an arterio-arterial loop graft 
[98, 99] can be considered as an alternative to the insertion of 
a translumbar, transhepatic, or transthoracic, cuffed tunneled 
catheter [69, 70, 100]. 


Future Directions 
Future treatments may include coated drug-eluting stents 
with rapamycin or paclitaxel to prevent development of neo- 
intimal hyperplasia inside stent. Other alternatives may 
include brachytherapy with beta radiation, which has shown 
some benefit in coronary circulation. 

The greatest impact will be achieved as we evolve our under- 
standing of various hemodynamic, molecular, pathologic, and 


genetic factors of CVS. This might result in the development of 
newer treatments and preventative strategies that may be criti- 
cal to improve the patency of CVS lesions. 


Conclusion — 
Prevention of CVS in HD patients is paramount like any 
other condition. Central venous catheter placement is the 
most important risk factor for CVS. Central venous cath- 
eter placement should be avoided if at all possible, par- 
ticularly in the subclavian vein. The use of other peripheral 
lines should be minimized to preserve future peripheral 
and central venous capital as potential access sites. This 
would need close collaboration between nephrologists 
and internists. Policies need to be created for CKD 
patients specifically dealing with this issue. 

All of the current treatment options for CVS will lead 
to recurrent stenosis or occlusion requiring multiple 
repeat interventions to maintain patency. Further random- 
ized control trials with long-term follow-up for the cur- 
rently available treatment options are essential in the 
future to develop appropriate treatment algorithms. 
Further advancements in treatment technique, technol- 
ogy, and the mechanisms of CVS with proper scientific 
evaluation will be essential to continue to improve the 
long-term results for this arduous problem. 
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19.1 Definition 

The pseudoaneurysm is caused by a tear through all the lay- 
ers of a vessel, allowing a blood collection to form outside 
the blood vessel, but remaining in continuity with the vessel 
lumen. The blood is contained by the surrounding tissues and 
flows in and out of the pseudoaneurysm’s cavity during sys- 
tole and diastole. The pseudoaneurysm has two components: 
a cavity and a neck by which the cavity communicates with 
the lumen of the vessel. Figure 19.1 presents an angiogram 
of an arteriovenous graft with pseudoaneurysm. 

The pseudoaneurysm should be differentiated from an 
aneurysm, the latter being a dilatation of a blood vessel with- 
out the blood leaving the lumen of the vessel and from a 
hematoma when the collection of extraluminal blood is con- 
tained by the surrounding tissues, but it is not communicat- 
ing anymore with the blood vessel lumen. 

The interventional nephrologist will encounter and will 
have to manage pseudoaneurysms in the following 
situations: 

1. Arteriovenous graft (AVG) pseudoaneurysm 

2. Arteriovenous fistula (AVF) pseudoaneurysm 

3. Arterial pseudoaneurysm caused by erroneous cannula- 
tion of an artery with the hemodialysis needles or after 
arterial puncture to access the arterial system for diagnos- 
tic or therapeutic procedures 


19.2 AVG Pseudoaneurysm 

The AVG pseudoaneurysms can develop over time as a result 
of repeated punctures by hemodialysis needles in a limited 
area of the graft leading to the graft material deterioration 
and from inadequate hemostasis after needle removal. The 
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presence of a proximal venous stenosis can accelerate the 
pseudoaneurysm’s growth by increasing the intra-access 
pressure [1]. Early cannulation of the AVG, less than 2 weeks 
after its creation, might increase the risk of pseudoaneurysm 
formation due to insufficient graft incorporation into the sur- 
rounding tissues. 

The pseudoaneurysm’s progressive enlargement produces 
thinning of the overlying skin potentially leading to skin 
necrosis, poor eschar healing, prolonged bleeding after 
needles removal, possible spontaneous bleeding, and, finally, 
acute graft rupture with severe blood loss. 

Figure 19.2 presents an arteriovenous graft pseudoaneu- 
rysm with necrosis and bleeding of the overlying skin. 

Hemodialysis needles should not be inserted into pseu- 
doaneurysms irrelevant of their size [2]. Because of that, 
large pseudoaneurysms limit the availability of AVG cannu- 
lation sites. 


Fig. 19.1 Arteriovenous graft with pseudoaneurysm (arrow) 
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Fig. 19.2 Arteriovenous graft with large pseudoaneurysm with skin 
necrosis and bleeding 


Pseudoaneurysm formation is a well-known complication 
of AVG, and its incidence rates range between 2 and 10 % 
[3-5]. Because the repeated needle insertion in a limited por- 
tion of the graft is an important determinant of AVG pseu- 
doaneurysm formation, we assume that the incidence of this 
complication might vary according to the pattern of needle 
insertion in different hemodialysis units. 


19.2.1 Diagnosis 
The pseudoaneurysm is readily diagnosed clinically by the 
presence of a dilated area of the graft that is growing in size. 
They are pulsatile, but sometimes the pulsations are difficult 
to palpate because of possible stenoses located upstream of 
the aneurysm and scarring of the overlying tissue. The skin 
overlying the aneurysm can be normal at the beginning, and 
as the aneurysm is growing in size, the skin will become 
thinner and eventually can develop areas of necrosis. 
Duplex ultrasound can detect the presence of the dilated 
pseudoaneurysm, can measure its size, can detect the presence 
of a possible thrombus, and can document the movement of 
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blood between the pseudoaneurysm and the lumen of the 
AVG. 

AVG angiogram is more invasive than the ultrasound 
evaluation but can easily diagnose, measure, and treat suit- 
able pseudoaneurysms and their associated abnormalities, 
like venous anastomosis stenosis. 

A patient with a suspected pseudoaneurysm should be 
referred for evaluation and treatment if signs of increased 
risk of rupture, prolonged bleeding, rapid growth, pain, skin 
necrosis, or spontaneous bleeding, are present [2]. 


19.2.2 Management 


Small, asymptomatic pseudoaneurysms can be followed if 
they are stable and painless, the overlying skin is normal, 
and there are adequate sites available on the graft for needle 
insertion. Even small, stable pseudoaneurysms should not be 
stuck with hemodialysis needles [2]. 

National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (NKF KDOQD guidelines [2] established 
indications for revision/repair of pseudoaneurysms: 

1. The cannulation sites are limited by the presence of the 
pseudoaneurysm. 

2. The pseudoaneurysm threatens the viability of the overly- 
ing skin. 

3. The pseudoaneurysm is symptomatic (pain, throbbing). 

4. Infection. 

The treatment can be surgical or endovascular. Obviously, 
an infected pseudoaneurysm should be surgically treated. 
The surgical approach is recommended by the KDOQI 
guidelines [2] in cases where the pseudoaneurysm is rapidly 
expanding, when the pseudoaneurysm diameter exceeds 
twice the graft’s diameter, and when the integrity of the skin 
overlying the pseudoaneurysm is broken increasing the risk 
of graft infection. The surgical treatment consists of resec- 
tion of the affected segment of the graft followed by graft 
segment interposition [6]. 

Infected AVG pseudoaneurysms can be treated with inter- 
position bypass graft tunneled through noninfected tissues 
and connected end to end with the noninfected segments of 
the old graft, followed by excision of AVG’s infected por- 
tion. Graft patency and wound healing has been achieved 
using this approach in 74 % of infected AVGs whose infec- 
tion was not affecting their entire length [7-9]. 

The outcome of the AVG surgical revision, performed 
specifically to treat pseudoaneurysms, has not been well doc- 
umented in the literature. In one study [6], involving a total 
of 189 polytetrafluoroethylene (PTFE) AVGs implanted in 
131 end-stage renal disease (ESRD) patients, 49 required 
surgical revision extending their survival to a rate similar to 
that of nonrevised grafts. In this particular study [6], the 
assisted patency rates for all grafts were 76 % at 12 months, 
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50 % at 36 months, and 40 % at 60 months. We have to men- 
tion that pseudoaneurysm repair was not the indication for 
surgical revision, but the revision consisted in partial exci- 
sion of the graft and segment interposition, the same surgical 
management used for pseudoaneurysm treatment. Despite 
our best efforts we could not find any studies reporting graft 
patency after surgical revision for pseudoaneurysm repair, 
but we can assume that it is close to the one reported above. 

The surgical revision of the AVGs for the treatment of 
pseudoaneurysms has not been directly compared with the 
endovascular treatment using stent grafts nor were their indi- 
cations thoroughly studied. KDOQI indications for surgical 
revision were based more on expert opinions than on hard 
data. It is obvious that shin necrosis overlying the pseudoan- 
eurysm and an infected pseudoaneurysm are indications for 
surgical revision. KDOQI also recommends that aneurysms 
with a diameter that exceeds twice the diameter of the graft 
should be surgically corrected. However, there are numerous 
reports [10-13] of large pseudoaneurysms surpassing the 
size limits suggested by KDOQI, which were endovascularly 
treated with stent grafts with immediate success and good 
long-term patency. These reports are challenging the recom- 
mendation for surgical revision of all pseudoaneurysms 
larger than twice the graft’s diameter. 

Currently there are three available stent grafts for the 
treatment of AVG pseudoaneurysms. 

Wallgraft endoprosthesis (Boston Scientific Corporation, 
Natick, MA) has an outer layer made of polyethylene tere- 
phthalate and an inner layer of Elgiloy stent with platinum 
tracer wires. It is Food and Drug Administration (FDA) 
approved for tracheobronchial applications. 

Viabahn endoprosthesis (Gore & associates, Flagstaff, AZ) 
has an expanded polytetrafluoroethylene (ePTFE) inner struc- 
ture with a nitinol self-expanding external stent. It is approved 
by FDA for the treatment of superficial femoral artery lesions. 

Fluency (Bard, Tempe, AZ) is a self-expanding nitinol 
stent encapsulated into an ePTFE graft material. It is FDA 
approved for tracheobronchial applications. 

All the stents are used off-label for the AVG pseudoaneu- 
rysm endovascular treatment and for hemodialysis needles 
punctures. 


19.2.3 Technique of Endovascular Treatment 
of AVG Pseudoaneurysms 


Stent grafts have been used in the percutaneous treatment of 
noninfected AVG pseudoaneurysms. Before the procedure, it 
is paramount to perform a thorough AVG’s physical exami- 
nation to exclude skin necrosis or infection, both being con- 
traindications for the endovascular treatment. 

After gaining access to the graft in an adequate location 
for stent deployment, the angiogram will assess the pseudoa- 
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neurysm’s size and location. If the lesion is deemed treatable 
with the stent graft, a large enough vascular sheath to allow 
the passage of the stent delivery system should be placed. 
The diameter of the graft portions adjacent to the pseudoan- 
eurysm should be measured. The manufacturer recommends 
using endograft devices with a diameter 15-20 % larger than 
the graft diameter adjacent to the lesion. Before the stent 
deployment some authors are recommending to administer 
3,000 units of intravenous heparin to prevent thrombosis [1]. 
We should consider the stent to overlap 10 mm of normal 
graft on both sides in order to prevent endoleaks [14]. In 
order to preserve a maximum length of un-stented AVG, we 
should choose the shortest stent that can appropriately cover 
the pseudoaneurysm without excessively overlapping with 
the normal graft. The stent is deployed in the usual manner. 
A repeated angiogram is performed to check for the success- 
ful exclusion of the pseudoaneurysm. 

After the stent placement, the blood still present in the 
now isolated pseudoaneurysm should be percutaneously 
aspirated if possible. According to Barshes et al. [1], who 
presented a series of 26 patients with AVG pseudoaneurysms 
treated with covered stents, pulsatility was still presented 
within the pseudoaneurysms for at least 24 h after the proce- 
dure in all patients despite the successful pseudoaneurysm 
isolation on the final angiogram, but it disappeared at 
subsequent follow-up visits. 

Figure 19.3 depicts successful isolation of arteriovenous 
graft pseudoaneurysm presented in Fig. 19.1 using a stent 
graft. 


Fig. 19.3 Arteriovenous graft pseudoaneurysm treated with a stent 
graft 
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19.2.4 Outcomes 


Barshes et al. [1], in their 26 patient series, using mostly 
Wallgraft stent grafts (18 out of 26 patients) had 100 % tech- 
nical success rate in deploying stents and excluding the AVG 
pseudoaneurysms. All patients had hemodialysis within 48 h 
of intervention with the needles placed through the graft. 
Seventy-three percent of patients developed complete reso- 
lution or significant decrease in pseudoaneurysms size. Out 
of 26 patients 13 had pseudoaneurysms with mean diameters 
of 4.8 cm. Out of the entire group, 4 patients (15 %) required 
surgical revision between postoperative day 21 and 49 for 
return of the pulsatility or persistently large pseudoaneu- 
rysms. The mean pseudoaneurysm diameter in this group 
was 4.3 cm. For the entire group, the primary patency rate 
was 82 % at 30 days and 28 % at 6 months following endo- 
graft placement. The results are similar with the 11 patient’s 
series presented by Vesely et al. [15] who used Viabahn 
endografts for AVG pseudoaneurysms repair and had a pri- 
mary patency of 71 % at 3 months and 20 % at 6 months. 

Moszkowicz et al. [16], using Fluency Plus stent grafts in 
16 patients with AVG pseudoaneurysms, obtained good 
immediate results but did not report a long-term patency 
rate. He reported that true pseudoaneurysms with narrow 
mouths responded well to the placement of only one stent 
compared with areas of graft degenerations with wide- 
mouthed pseudoaneurysms that required more than one stent 
and despite that had more endoleaks. 

In a series of ten patients [12] with AVG pseudoaneu- 
rysms with a mean diameter of 3 cm treated with Wallgraft 
stent grafts, all patients have successful exclusion of the 
pseudoaneurysms. At 2 weeks nine out of ten AVG 
remained functional, and at 6 months duplex scan showed 
complete pseudoaneurysms exclusion in seven patients (out 
of initial ten). 

The stents were not compared head to head to assess 
which model offer the best outcomes in isolating AVG pseu- 
doaneurysms or which stent is better suited to withstand the 
effects of long-term hemodialysis needle cannulations, so we 
cannot make any recommendation in regard to which stent 
model should be used. 


19.2.5 Pseudoaneurysm Size 


KDOQI recommends that AVG pseudoaneurysms with 
diameters that exceed twice the AVG diameter should be 
treated by surgical revision, not endovascularly. However, 
the case series reporting good outcomes obtained with the 
endovascular repair of large AVG pseudoaneurysms are 
challenging this recommendation. 

Pseudoaneurysm’s size might be an important determi- 
nant of successful initial endovascular treatment and the 
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long-term results. Out of the 26 patients presented by Barshes 
et al. [1], 4 required surgical revisions for failed treatment, 
and in this group the mean pseudoaneurysm’s diameter was 
4.3 cm. However, out of 26 patients, 13 patients had a mean 
pseudoaneurysm diameter of 4.8 cm and most of them fared 
well. In the 11 patient series presented by Vesely [15], the 2 
patients requiring surgical revision had large pseudoaneu- 
rysms. Currently, there is no well-established pseudoaneu- 
rysm size above which the endovascular treatment is 
ineffective and should be avoided. 

As Moszkowicz et al. [16] suggested, the width of the pseu- 
doaneurysm mouth might play an important role. They are 
reporting that true pseudoaneurysms with narrow mouths can 
be easily treated, whereas widemouthed pseudoaneurysms 
that are rather graft degenerated than pseudoaneurysms require 
more than one stent and are more prone to endoleaks. 

The use of stent-graft devices is less invasive compared 
with the surgical revision and permits continuous hemodial- 
ysis using the same AVG without the need for a new catheter 
placement. If unsuccessful, the surgical revision option is 
still available as demonstrated by Barshes et al. [1] who 
reported an AVG pseudoaneurysm excision and bypass graft 
interposition to treat a stent-graft separation which occurred 
6 weeks after the initial successful stent-graft pseudoaneu- 
rysm exclusion. 

The role of the surgical intervention in the treatment of 
AVG pseudoaneurysms has not been directly compared with 
the endovascular treatment. 


19.2.6 Stent-Graft Cannulation 
for Hemodialysis 


Rhodes et al. [13] describe good results after regular needle 
punctures of the Wallstent grafts used to treat pseudoaneu- 
rysms. Their studies of 6 patients comparing stent needle 
punctures initiated few days after stenting or waiting 2-3 
weeks before cannulating the stents did not show any signifi- 
cant differences between the approaches. The outcomes pre- 
sented by Barshes et al. [1] also support the safety of placing 
needles through the covered stents. However, graft stent 
infection is possible to occur when cannulation is performed 
through these devices [17]. A stent strut protrusion through 
the skin that posed a risk of stent infection and also a risk of 
injury to the hemodialysis staff has been recently described 
[18] and required surgical intervention to remove the stent. 
At this time, it is unclear which covered stent model offers 
the best outcomes for long-term needle use. None of them 
are approved for hemodialysis needle puncture. 

The safety of repeated stent-graft cannulation has not 
been adequately studied. It is a good practice to inform the 
patient, the nephrologist, and the hemodialysis unit of the 
stent placement and its location and to make suggestions 
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where the needles should be placed. Efforts should be made 
to avoid placing the needles through the stents. As described 
before, protrusion of a broken strut through patient’s skin is 
possible and can pose a risk not only for the patient but also 
for the hemodialysis staff taking care of that patient. 


19.2.7 Infection and AVG Pseudoaneurysms 

An AVG infection can weaken the graft wall and can be the 
primary cause for pseudoaneurysm formation or can affect 
an existing pseudoaneurysm. Differentiating between 
infected pseudoaneurysms from noninfected ones can be 
challenging because of the local erythema and increased skin 
temperature induced by the presence of the pseudoaneurysm. 
Blood culture results and fever are useful in differentiating 
the presence of infection. Identifying an infected pseudoan- 
eurysm is important because this is a contraindication for 
endovascular intervention and surgical revision should be 
performed instead. 


19.2.8 Pseudoaneurysm and Thrombosis 


Many times AVG pseudoaneurysms are diagnosed inciden- 
tally during thrombectomy procedures. It is difficult to deter- 
mine if the pseudoaneurysm has a role in triggering the 
thrombosis or it is just an innocent bystander. We can hypoth- 
esize that the turbulent, stagnant blood in the pseudoaneu- 
rysm can predispose to thrombosis. If the thrombosed part of 
the pseudoaneurysm can be isolated with the stent graft, 
there is no need to remove an old thrombus located in the 
pseudoaneurysm. 


19.2.9 Daily Hemodialysis and the Risk 
of Pseudoaneurysm Formation 


We consider that AVG pseudoaneurysms are caused by the 
cumulative damage inflicted to the graft integrity by the 
repeated needle punctures in a limited area of the graft, and 
we can assume that daily hemodialysis requiring a double 
number of needle punctures might favor the development of 
AVG pseudoaneurysms. Published studies assessing the vas- 
cular access in daily hemodialysis did not show that AVF or 
AVG outcomes are any worse in daily HD patients compared 
with conventional, 3 times/week hemodialysis [19-22]. 
Contrary to our expectations those outcomes seem to be 
slightly better in daily HD patients. The most common 
reported complication of AVF was stenosis and thrombosis. 
No cases of AVG pseudoaneurysms were reported, but the 
published studies included a very small number of AVG — 22 
in 3 studies [20-22]. As of now, the available data does not 
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show any evidence of increased risk of pseudoaneurysm for- 
mation in daily hemodialysis patients with AVGs, but prob- 
ably we do not have enough information to draw a definitive 
conclusion. 


19.2.10 Prevention of AVG Pseudoaneurysms 


Prevention of AVG pseudoaneurysms formation consists of 
strict adherence to needle puncture site rotation, thorough 
hemostasis after needle removal, and avoiding needle sticks 
2 weeks after AVG creation to allow enough time for AVG 
material to be encapsulated by the surrounding tissues. 
Avoiding needle puncture in all pseudoaneurysms even 
small and stable and prompt treatment of venous stenosis 
that is increasing intragraft pressure might delay pseudoan- 
eurysm growth. 

Although, to our knowledge, no cases were reported, we 
advise against using the Trerotola thrombectomy device for 
the thrombectomy procedures performed in AVG or AVF 
with previously implanted stents that were used for needle 
insertions. The device might get caught in a disrupted strut or 
it might dislodge the stent. 


19.3 AVF Pseudoaneurysm 

AVF pseudoaneurysms arise from the body of the AVF, not 
from the feeding artery. Five such cases were reported 
[23-25]. The pseudoaneurysms formed during or a few hours 
after the hemodialysis session as new pulsating, painful, 
masses arising over an AVF puncture sites. Their size ranged 
from 15 to 40 mm [23] and 26 mm for the case presented by 
Reichle et al. [25]. All the reported cases were successfully 
treated by ultrasound-guided compression. In the three case 
series presented by Witz et al. [23], the compression was 
applied manually over the pseudoaneurysm, and the Doppler 
ultrasound was used to ensure the lack of blood flow into the 
pseudoaneurysm’s cavity and continuation of the blood flow 
in the AVF’s feeding artery as well as in AVF’s body. The 
compression time ranged between 20 and 45 min, all the 
pseudoaneurysms were successfully thrombosed, and AVF’s 
patency was preserved in all cases. No recurrences were 
noted afterwards. The cases presented suggest that 
ultrasound-guided compression is effective in inducing 
pseudoaneurysm thrombosis while preserving AVF’s patency 
and is preserving the critically important “AVF’s real estate.” 
The compression should be Doppler ultrasound guided to 
ensure isolation of the pseudoaneurysm and blood flow pres- 
ervation in the AVF and the feeding artery. We consider that 
ultrasound-guided compression should be tried first on all 
AVF pseudoaneurysms before proceeding to more invasive 
interventions. 
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Najibi et al. [12] described two cases of AVF pseudoaneu- 
rysms successfully treated with covered stents (Wallgraft). 
One had a diameter of 3.5 and the other 3 cm. Both were 
successfully excluded by using covered stents (7 mm and, 
respectively, 8 mm in diameter). One fistula failed at 3 
months and the other continued to be used successfully at 6 
months without requiring any additional intervention. 

We were unable to identify any cases of the AVF pseudoa- 
neurysms treated with thrombin injection. 


19.4 Arterial Pseudoaneurysm 

A pseudoaneurysm can arise from any artery. ESRD patients 
are at increased risk for developing arterial pseudoaneu- 
rysms secondary to inadvertent hemodialysis needle place- 
ment, inadvertent arterial placement of large diameter 
hemodialysis catheters, and numerous diagnostic and inter- 
ventional vascular procedures they require because of 
increased prevalence of peripheral arterial and coronary 
artery diseases. 


19.5 Arterial Pseudoaneurysms Formed 
After Inadvertent Arterial 
Hemodialysis Needle Placement 

19.5.1 Clinical Presentation 


Cases of brachial artery pseudoaneurysms developed after 
inadvertent puncture with hemodialysis needles were 
described [26-31]. The brachial artery is most commonly 
affected because of its proximity to the basilic vein or 
cephalic vein and can be easily confounded with the body of 
the AVF and inadvertently cannulated. The pseudoaneu- 
rysms presented 1-7 days after the inadvertent cannulation, 
and most of them had a history of prolonged bleeding from 
the puncture site at the end of hemodialysis treatment. They 
present as pulsatile masses with a systolic bruit on ausculta- 
tion, located over the brachial artery. Their diameters tend to 
be larger than the pseudoaneurysms arising from the AVFs, 
being in the range of 5—6 cm [26, 27]. They can be associated 
with neuropathy and venous thrombosis caused by compres- 
sion of the adjacent structures by the pseudoaneurysm’s 
mass [26, 27]. Duplex ultrasound and arteriography confirm 
the nature, size, and location of the lesion. Complications 
include rupture with severe hemorrhage, infection, or distal 
vascular insufficiency. 

Most of the cases were treated surgically with draining of 
the blood collection and repairing the arterial wall defect with 
suture of the arterial wall or venous patch repair. In one case 
ultrasound-guided compression was attempted without suc- 
cess and turned out that the arterial defect was very large [26]. 
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Covered stents can be used to treat arterial pseudoaneu- 
rysms. A femoral artery covered stent was successfully used 
to treat the pseudoaneurysm associated with a femoral artery 
to femoral vein fistula that developed after femoral vein 
catheterization for placement of a hemodialysis catheter for 
acute hemodialysis [32]. 


19.6 Pseudoaneurysms Formed After 
Arterial Puncture for Diagnostic and 


Interventional Procedures 


The interventional nephrologists are more and more involved 
in vascular access procedures involving the arterial system. 
Femoral artery cannulation is frequently used to gain access 
to the arterial system for diagnostic and interventional proce- 
dures, and femoral artery pseudoaneurysm is the most com- 
mon complication of femoral artery catheterization [33]. 

The pseudoaneurysm occurs as a pulsatile mass with a 
systolic bruit located over the catheter insertion site, and the 
duplex ultrasound confirms its presence by identifying the 
blood collection, the in and out movement of the blood inside 
the pseudoaneurysm, and the presence of the neck that con- 
nects the pseudoaneurysm with the artery. Most of the pseu- 
doaneurysms develop within 3 days of the arterial sheath 
removal [34]. 

An important risk factor for pseudoaneurysm forma- 
tion is the inadequate period of manual compression after 
vascular sheath removal. According to Katzenschlager 
et al. [35], the incidence of pseudoaneurysms noted after 
femoral artery catheterization decreased significantly if 
manual pressure was applied for at least 5 min after local 
bleeding had stopped. Large sheaths, administering anti- 
platelets and anticoagulant medications during or after 
procedure, obesity, age above 65 years, peripheral artery 
disease, hypertension, and end-stage renal disease are 
additional risk factors for arterial pseudoaneurysm forma- 
tion [34-36]. 

Surgical intervention is indicated if the pseudoaneu- 
rysm occurs at the site of a vascular anastomosis; there is 
an associated arteriovenous fistula; the diameter is very 
large; the pseudoaneurysm causes skin necrosis, is rapidly 
growing, and is infected; and there is failure of the mini- 
mally invasive procedures to control the pseudoaneurysm 
[36]. Table 19.1 summarizes the indications for surgical 
treatment. 

Small pseudoaneurysms with diameters of 1.8-2 cm and 
not growing, asymptomatic, and occurring in not anticoagu- 
lated patients can be safely observed [33]. Kent et al. [37] found 
that pseudoaneurysms with a mean size of less than 1.8 cm 
would spontaneously thrombose and the average time to throm- 
bosis was 22 days. If an intervention is needed, the most com- 
monly used minimally invasive procedures to treat arterial 
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Table 19.1 Arterial pseudoaneurysm, surgical indications 


Large aneurysm 

Rapidly growing 

Associated arteriovenous fistula 

Located at the site of arterial anastomosis 
Skin necrosis 

Infection 

Failure of the minimally invasive procedures 


pseudoaneurysms are ultrasound-guided pseudoaneurysm 
compression and direct percutaneous thrombin injection. 

Ultrasound-guided pseudoaneurysm compression 
(UGPC) can be performed in non-anticoagulated patients 
with small pseudoaneurysms with long necks. The skin 
overlying the lesion should be intact. Contraindications 
consist of all the surgical indications mentioned before. 
The success rate is 80 % [33]. Before the procedure, it is 
very important to rule out skin necrosis and infection. Pre- 
procedure duplex ultrasound examination should evaluate 
the size, position, relation with the feeding artery, presence 
of a possible arteriovenous fistula, and location of the neck 
and determine the best location and direction to apply pres- 
sure in order to occlude the blood flow into the pseudoan- 
eurysm’s sac without applying pressure over the 
pseudoaneurysm or the artery. The compression can be per- 
formed using the ultrasound transducer or by manual digi- 
tal compression. 

The patients need local anesthesia and conscious sedation 
because the pseudoaneurysm compression is a painful 
maneuver. The ultrasound probe is positioned over the pseu- 
doaneurysm’s neck, and pressure is applied until the blood 
flow into the aneurysm stops. Ideally, we should avoid com- 
pressing the femoral artery, but this cannot be achieved in all 
patients. The pressure is applied for intervals between 6 and 
20 min at the time. Pseudoaneurysm thrombosis with the 
cessation of the blood flow into the body of the pseudoaneu- 
rysm documented by Doppler ultrasound means the proce- 
dure was successful and can be stopped. If there is still blood 
flow, an additional compression is needed. In average the 
total compression time is 40 min divided in 3 to 4 compres- 
sion sessions [33]. 

Ultrasound-guided thrombin injection is highly effective, 
97 % success rate [33], and reasonably safe, 1.4 % incidence 
of complications [33]. The procedure can be performed in all 
the cases not carrying a surgical indication. Another contra- 
indication is the known allergic reaction to bovine thrombin 
developed from previous procedures. 

Pre-procedure evaluation should exclude the presence of 
skin necrosis or infection as those are contraindications for 
injection. Baseline distal arterial pulses need to be estab- 
lished. Duplex ultrasound should determine the pseudoan- 
eurysms size, possible presence of multiple lobes, location 
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of the neck, the relation with the supplying artery, and very 
importantly the presence of an arteriovenous fistula that 
represents an absolute contraindication to thrombin injec- 
tion because of the danger that some thrombin might spill 
into the venous circulation with potentially dangerous con- 
sequences. Thrombin affects the final pathway of the clot- 
ting cascade, and it is not affected by heparin or Coumadin 
treatment. However, in the general circulation, the throm- 
bin can be inactivated by the presence of plasma 
antithrombin. 

The needles used for thrombin injection can be 21-25 
gauge attached to a 3 ml syringe. The ultrasound probe on 
gray scale is used to guide the needle insertion into the 
pseudoaneurysm’s sac. Gray scale or Doppler ultrasound 
can be used to monitor the thrombin injection. The throm- 
bin should be injected as far away as possible from the 
pseudoaneurysm’s neck. The ultrasound will document 
the instant formation of hyperechoic thrombus as the 
fibrin is injected. The rate of thrombin injection should be 
kept between 0.1 and 0.3 ml/s and should ensure a gradual 
filling of the pseudoaneurysm’s cavity with thrombus. 
Many times the complete thrombosis can be achieved in 
seconds. Gray scale ultrasound and Doppler can be 
switched intermittently to monitor thrombosis, since acute 
thrombus can, at times, be hypoechoic and hence difficult 
to detect on gray scale. Compression following partial 
thrombosis of the pseudoaneurysm may be effective in 
inducing thrombosis but also can expel thrombus frag- 
ments into the artery with possible severe consequences. 
Resuming thrombin injection is a safer alternative in case 
of partial thrombosis. Cases unresponsive to thrombin 
injection require surgical intervention. An arterial lacera- 
tion is the most likely cause of unsuccessful thrombin 
injection, and surgery is the treatment of choice for this 
large arterial lesion [38]. 

At the end of the procedure use ultrasound to confirm 
the thrombosis and the lack of blood flow into the pseudoa- 
neurysm, and clinically assess the distal pulses for signs of 
possible embolization. The patient can be kept on bed rest 
for 4-6 h or, in cases of large pseudoaneurysms, admitted 
for observation. Moderate pressure dressings can be used. 
If discharged, another clinical examination and Doppler 
ultrasound to confirm the pseudoaneurysm’s thrombosis 
and the femoral artery patency is indicated. The follow-up 
time vary at different institutions from the next day to 3-10 
days post procedure. The patient should avoid strenuous 
activity for 2-3 days. Complications can be distal emboli- 
zation that can occur in | % of cases, but only 30 % of them 
will require surgery [33] and bleeding, usually caused by 
the rupture of the pseudoaneurysm and can manifest as 
external bleeding or rapid expansion of the pseudoaneu- 
rysm. Severe embolization and bleeding require surgical 
intervention. 
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Approach to Chest Pain During 


Dialysis 


20 


Chieh Suai Tan, Diego A. Covarrubias, and Steven Wu 


20.1 Introduction 

A patient who complains of chest pain during dialysis repre- 
sents an immediate challenge. The symptoms may be of 
benign etiology, but occasionally, they may also be a harbin- 
ger of a potential catastrophe. Although mild chest pain or 
discomfort is reported to occur in 1-4 % of dialysis treat- 
ments [1], in light of the high incidence of cardiovascular 
events and sudden cardiac deaths in dialysis patients, any 
acute onset of chest pain in a patient on hemodialysis should 
be attended to promptly. 


20.2 Initial Evaluation of Chest Pain 

The initial evaluation should begin with the consideration of 
immediately life-threatening causes such as acute coronary 
syndrome (ACS), arrhythmia, aortic dissection, and pulmonary 
and air embolism. The dialysis should be terminated immedi- 
ately and patient reclined to a recumbent position on the dialy- 
sis chair. Immediately check the venous bloodline; the presence 
of foaming is suggestive of air within the dialysis system, and 
port-wine appearance of blood is suggestive of hemolysis. 
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If present, clamp the bloodlines and stop the pump to prevent 
the return of blood to the patient. If the patient is unstable, acti- 
vation of an ambulance equipped with a defibrillator to an 
emergency department should be done immediately. 

Stabilization of such patients should begin immediately in 
the dialysis center. The dialysis needles may be left in situ after 
disconnection from the dialysis circuit. In the absence of 
peripheral venous access, in an emergency situation, the venous 
dialysis needle may be used for intravenous access. Dialysis 
catheter, if present, can also be used during resuscitation. 

Concurrently, placement of a cardiac monitor and supple- 
mental oxygen should be done. Noninvasive monitoring of 
oxygen saturation should be set up. A 12-lead electrocardio- 
gram and a blood sample for cardiac enzyme measurement 
should be obtained if possible. 

Patients who are thought to be experiencing an ACS, 
which includes ST-segment elevation myocardial infarction, 
non ST-segment elevation myocardial infarction, and unsta- 
ble angina, should be given a 325 mg aspirin tablet. 
Sublingual nitroglycerin can be given for chest pain unless 
the patient has relatively low blood pressure. 

Once a life-threatening etiology has been excluded, attempts 
can be made to identify the specific cause of the chest pain. 


20.3 History Taking 

The purpose of history taking and physical examination is to 
identify the specific causes of chest pain. As vascular disease 
accounts for 42 % of all deaths in dialysis patients [2], exclu- 
sion of cardiovascular etiology of chest pain is of paramount 
importance. 


20.3.1 Nature and Location of Pain 


The nature and location of the chest pain often give a clue to 
the underlying etiology. The patient with myocardial 
ischemia typically describes the chest pain as a diffuse 
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discomfort that is squeezing, tight, constricting, strangling, 
or aching in nature. In some cases, the “Levine sign” 
(clenched fist held over the chest) may be demonstrated to 
describe ischemic chest pain. Patients with a history of coro- 
nary heart disease tend to have similar pain with recurrent 
ischemic episodes. Unfortunately, dialysis patients with 
acute myocardial infarction (AMI) often have atypical pre- 
sentation. The prevalence of chest pain in dialysis patients 
with AMI was reported to be only 44 % versus 68.4 % in 
non-dialysis patients [3]. As such, suspicion should be raised 
if associated symptoms such as acute diaphoresis and dys- 
pnea occur during dialysis, especially if the patient has a his- 
tory of ischemic heart disease. Acute chest pain with a 
classically ripping or tearing quality may be suggestive of 
acute aortic dissection. Chest pain that is pleuritic in nature 
may be secondary to acute or uremic pericarditis, pulmonary 
embolism, or pneumonia. 


20.3.2 Radiation of Chest Pain 


The pain of myocardial ischemia may radiate to the neck, 
lower jaw, upper extremity, or shoulder. Chest pain that radi- 
ates between the scapulae may be due to aortic dissection, 
while the pain of pericarditis typically radiates to the trape- 
zius ridges. 


20.3.3 Timing of Chest Pain 


The time course of the onset of chest pain is very important. 
Each dialysis session is akin to a cardiac “stress test.” Chest 
pains that occur during dialysis and similar in nature to those 
that occur on physical exertion are highly suggestive of myo- 
cardial ischemia. Pain that resolves with exertion or with 
cessation of dialysis is also suggestive of ischemia. 
Postprandial chest pain, if present, can be a marker of severe 
coronary heart disease or may be suggestive of gastrointesti- 
nal disease. 


20.3.4 Associated Symptoms 


The occurrence of chest pain may be secondary to intradia- 
lytic hypotension. The common causes of intradialytic hypo- 
tension include excessive ultrafiltration, targeting the dry 
weight too low, relative lack of vasoconstriction (e.g., auto- 
nomic neuropathy in diabetic patients), and use of antihyper- 
tensive medications before dialysis. Recurrent intradialytic 
hypotension, if untreated, can lead to myocardial stunning, 
development of regional wall movement abnormalities 
(RWMA) on echocardiography, and increased mortality. On 
the other hand, cardiac factors such as myocardial ischemia, 
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diastolic dysfunction, and failure to increase cardiac output 
may manifest as intradialytic hypotension. Hence, cardiac 
evaluation is often warranted to determine the cause of intra- 
dialytic hypotension. 

Diaphoresis and exertional dyspnea are strongly associ- 
ated with myocardial ischemia. Patients with ischemia may 
also complaint of palpitations secondary to ventricular 
ectopy and atrial fibrillation. 


20.3.5 Vascular Access 


Intradialysis chest pain that occurs in patients who have 
recently undergone dialysis catheter placement should alert 
the physician to the possibility of perforation. Routine X-ray 
after insertion of a temporary dialysis catheter may not detect 
perforation of the vessels, and delay perforation has been 
reported [4, 5]. A high index of suspicion coupled with good 
clinical judgment is needed to exclude this complication. 

The background history of the creation and location of the 
arteriovenous (AV) access is an important aspect that is often 
overlooked. High-output cardiac failure and myocardial 
ischemia can occur in patients with arteriovenous fistula 
(AVF) that have undergone dilation with large increases in 
flow. Risk factors for AVF-induced high-output cardiac fail- 
ure include upper arm AVF, male gender, upper arm AVF in 
the same arm with a previously functioning forearm AVF, 
and baseline heart disease [6]. 

A patient who has a history of arterial disease causing 
poor flow, slow maturation of access, or steal syndrome may 
have concurrent coronary lesions that are causing myocar- 
dial ischemia and chest pain during dialysis. AV access that 
is created on the same side of the internal mammary artery 
that is used for coronary artery bypass grafting may cause 
coronary-subclavian steal syndrome resulting in chest pain 
during dialysis [7]. 


20.4 Physical Examination 
Complete cardiac examination including palpation and aus- 
cultation should be done in a patient who has chest pain dur- 
ing dialysis. Localized tenderness on palpation of the chest 
wall may be suggestive of musculoskeletal pain. The pres- 
ence of a pulse deficit together with a history of tearing chest 
pain may be suggestive of aortic dissection. Pericardial rub 
and murmurs are suggestive of pericarditis and valvular heart 
disease, respectively. Examination of the respiratory system 
and abdomen is also important to exclude noncardiac causes 
of chest pain. 

The examination of the vascular access is a rarely prac- 
ticed skill among nephrologists, but it can provide important 
information for the physician. In a patient with chest pain 
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during dialysis, the presence of a severely dilated and ecstatic 
AVF with exaggerated bruit and thrill is suggestive of a high- 
flow AVF, which may contribute to high-output cardiac fail- 
ure and myocardial ischemia. Poor peripheral pulses and 
cold extremity on the side of the AV access might be sugges- 
tive of arterial stenosis and significant atherosclerotic disease 
of the cardiovascular system. The presence of a systolic bruit 
in the axillary artery between the subclavian artery and AV 
access raises the possibility of disease of the aortic arch ves- 
sels. Improvement of symptoms after temporary occlusion of 
the AV access is suggestive of the contributory effects of the 
AV access to the pathogenesis of chest pain. 


20.5 


Differential Diagnosis 
and Pathophysiology 


The differential diagnosis for chest pain is summarized in 
Table 20.1. 

Dialysis patients are at increased risk of cardiovascular 
death when compared to the general population. Although 
the percentage of deaths in the prevalent dialysis patient 
attributable to cardiovascular disease has declined over the 
last decade in the USA, vascular disease remained the pri- 
mary cause for almost 42 % of all deaths of dialysis patients 
between 2007 and 2009. Specifically, cardiac arrest was the 
single most common cause of death and accounted for more 
than half of all cardiac deaths [2]. 

Although coronary atherosclerosis is more common and 
severe in dialysis patients, the pathophysiological process 
may not be the same as in the general population. As illus- 
trated in A Study to Evaluate the Use of Rosuvastatin in 
Subjects on Regular Hemodialysis: An Assessment of 
Survival and Cardiovascular Events (AURORA) and Die 
Deutsche Diabetes Dialyze (4D) studies, there are limited 
benefits for dialysis patients on statin therapy compared to 
the general population [8, 9]. In addition to the traditional 
risk factors for cardiovascular disease such as hypertension, 
diabetes mellitus, and left ventricular hypertrophy which are 
commonly present in a dialysis patient, “uremic-specific” 
risk factors such as secondary hyperparathyroidism, ane- 
mia, volume overload, and vascular calcifications are also 


Table 20.1 Differential diagnosis of chest pain during dialysis 


Cardiovascular Pulmonary Dialysis related 


Acute coronary Pulmonary embolism Air embolism 


syndrome 
Stable angina Pneumonia Hemolysis 
Aortic dissection Pneumothorax Catheter malposition 


Pericarditis Intradialytic hypotension 
Valvular heart 
disease 


Arrhythmia 


Type B dialyzer reaction 
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important in the progression of cardiovascular disease. It 
was suggested that the uremic environment in a dialysis 
patient could potentiate vascular calcification [10]. While it 
is unclear if vascular calcification itself is a risk or a causal 
factor, the associated increase in mortality with severe coro- 
nary artery calcification at the time of initiation of hemodi- 
alysis [11] is suggestive of some role in increasing 
cardiovascular events in dialysis patients. Vascular access 
calcification has also been shown to be an independent mor- 
tality predictor and is a cost-effective method to identify 
patients at increased mortality risk [12]. 

The creation of an AV access is a nonphysiological pro- 
cess that could add to cardiovascular stress. Cardiac output 
(CO) increases immediately after the creation of an AV 
access; this increase is achieved via the reduction of 
peripheral resistance and increased cardiac contractility to 
increase stroke volume [13]. The adjustment of stroke vol- 
ume and cardiac output is vital to maintain a constant blood 
pressure [14]. A prospective study utilizing echocardio- 
graphic evaluation of cardiac parameters showed increases 
in left ventricular end-diastolic volume (LVEDV) (+4 %), 
fractional shortening (+8 %), and CO (+15 %) 14 days 
after the placement of AVFs [15]. In a seminar paper by 
Korsheed et al., patients with high-flow AV access(Qa), 
defined as Qa>1,000 mL/min (but less than 1,500 mL/ 
min), were found to have a lower prevalence of left ven- 
tricular hypertrophy (55 % vs. 76 %, P=0.01) and dialysis- 
induced myocardial stunning [16]. One can therefore 
hypothesize that some sort of myocardial and arterial adap- 
tation are required to sustain the lifelong increase in CO to 
maintain a well-functioning access. On the other hand, if 
the access flow is very high (Qa>2,000 mL/min), the risk 
of occurrence of high-output heart failure is increased. 
This is because the increase in Qa is not accompanied by a 
parallel increase of CO, suggestive of a limit in myocardial 
reserve and ability to adapt to the presence of very high- 
flow AV access [17]. 

The process of dialysis can exert significant acute stress 
upon the cardiovascular system. McIntyre et al. demon- 
strated that hemodialysis is associated with significant reduc- 
tions in myocardial blood flow and that dialysis stress-induced 
myocardial ischemia results in the development of regional 


Access related Gastrointestinal Musculoskeletal disorder 


Coronary-subclavian Costochondritis 
steal syndrome 


High-flow AV access 


Peptic ulcer disease 


Esophageal disorder Rib fracture 
Renal osteodystrophy 


Herpes zoster 


154 


wall movement abnormalities (RWMA) [18]. Of note, these 
findings occurred in the absence of large-vessel epicardial 
coronary disease. Such episodes of ischemia are associated 
with long-term loss of systolic cardiac function, increased 
cardiac events, and reduced patient survival. In multivariate 
analysis, intradialytic reduction in blood pressure and ultra- 
filtration (UF) volume both independently determined the 
propensity to suffer dialysis-induced cardiac injury [19]. 
Dasselaar et al. reported similar intradialytic reduction in 
myocardial blood flow but noted that the decrease occurred 
early during dialysis [20]. The early occurrence of reduced 
myocardial blood flow is postulated to be due to acute 
dialysis-related factors such as electrolyte shifts, acid—base 
shifts, or temperature changes. 

Other important differential diagnosis of chest pain dur- 
ing dialysis would include acute pericarditis, pleuritis, air 
embolism, gastroesophageal reflux, hemolysis, and muscu- 
loskeletal disorders. 

In patients on chronic hemodialysis via an upper extrem- 
ity arteriovenous (AV) access in whom the ipsilateral inter- 
nal mammary artery (IMA) was used for coronary artery 
bypass grafting (CABG), angina can occur because of the 
coronary-subclavian steal syndrome. 

Reivich et al. first described subclavian steal syndrome in 
two patients with vertebrobasilar insufficiency and vertebral 
artery flow reversal [21]. It involved a proximal subclavian 
artery obstruction, reversed flow in the vertebral artery with 
resultant siphoning of blood from the brain, and symptoms 
of cerebral ischemia. Coronary-subclavian steal syndrome 
was subsequently described in patients who had undergone 
CABG using the IMA [22]. The pathophysiology is similar 
to a proximal subclavian artery stenosis or occlusion, but the 
steal consists of siphoning of blood from the IMA graft to the 
subclavian artery with resulting myocardial ischemia and 
symptoms of angina. 

Similarly, coronary-subclavian steal syndrome can also 
occur if there is a high-flow AV access draining the ipsilat- 
eral IMA graft [7, 23, 24]. Crowley et al. postulated that the 
AV fistula represents a low-resistance bed that draws flow 
away from the relatively higher-resistance zone where the 
IMA graft is anastomosed to the coronary artery. The resis- 
tance is lowered further during dialysis as blood is with- 
drawn from the fistula, and this can cause symptoms of 
angina in vulnerable patients [7]. 

In an elegant study by Gaudino et al., blood flow in the 
IMA graft ipsilateral to the AV fistula was compared to the 
contralateral mammary artery by means of transthoracic 
echo-color Doppler at baseline and during hemodialysis. A 
marked reduction of peak systolic and end-diastolic veloci- 
ties and time average mean velocity and flow in the IMA 
graft ipsilateral to the fistula at the onset of hemodialysis was 
demonstrated. There was no substantial hemodynamic modi- 
fication in the contralateral IMA. The reduction in flow was 
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accompanied by evidence of hypokinesia of the anterior left 
ventricular wall [23]. 


20.6 Diagnostic Approach to Chest Pain 

The diagnostic approach to chest pain during dialysis is as 
outlined in Fig. 20.1. Due to the high risk of cardiac events in 
a dialysis patient, chest pains during dialysis should be thor- 
oughly investigated after initial stabilization and evaluation. 
Relevant laboratory tests such as serial cardiac enzymes and 
electrocardiogram, complete blood count, blood urea nitro- 
gen, creatinine, and electrolytes should be conducted. Chest 
radiography is needed to exclude pulmonary causes of chest 
pain and reassess position of indwelling catheter if present. 
Echocardiography is very useful for assessment of the left 
ventricular ejection fraction, valvular lesions, and pericardial 
disease such as pericardial effusion. 

Stress tests using echocardiography or nuclear imaging 
are useful to identify the presence of myocardial ischemia. 
Invasive coronary angiogram remains the most definitive 
way to diagnose coronary artery disease. 

Intradialytic echocardiography may be performed to 
identify patients who remain symptomatic despite a normal 
cardiac evaluation. The presence of RWMA during dialysis 
should prompt the alteration of dialysis technique. 
Conversion to nocturnal dialysis, shorter daily dialysis, or 
peritoneal dialysis should be considered. Use of biofeedback 
technique or decreasing the temperature of the dialysate can 
also be used if the patient chose to remain on conventional 
hemodialysis. 

If the symptoms persist, rare causes such as a high-flow 
AV access or even coronary-subclavian steal syndrome 
should be considered in a patient whose IMA ipsilateral to 
the AV access had been used for CABG. 

It is essential to exclude the presence of a concomitant 
subclavian artery stenosis before attributing the steal syn- 
drome to the AV access [25]. On physical examination, the 
presence of a systolic bruit in the axillary artery between the 
subclavian artery and AV access raises the possibility of dis- 
ease of the aortic arch vessels [26]. Doppler ultrasound with 
color flow findings of monophasic changes, color aliasing, 
and increased blood velocities at stenotic sites is suggestive 
of significant obstruction. Computed tomography angiogra- 
phy has the advantage of revealing the anatomy of the aortic 
truck and supra-aortic vessels, including the subclavian 
artery. Contrast angiography with table hemodynamic mea- 
surements of the subclavian lesion can confirm the diagnosis 
of subclavian stenosis. 

The diagnosis of coronary-subclavian steal syndrome 
secondary to AV access can be made using pulsed Doppler or 
an aortogram. A reduction in the flow velocity of the IMA 
graft at the initiation of dialysis would be strongly suggestive 
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Fig. 20.1 Diagnostic approach for evaluation of chest pain during dialysis 


of hemodynamically evidentflow steal [23]. Angiographically, 
retrograde flow of the IMA graft during diastole may be 
demonstrated. On table, restoration of the antegrade flow in 
the IMA graft during diastole with occlusion of the AV 
access would be highly suggestive of significant steal syn- 
drome [24]. 


20.7 Management 


20.7.1 Coronary Artery Disease 

Interventional Therapy for Coronary Artery 

Disease 

In the presence of coronary artery disease (CAD), coronary 
revascularization can be performed either with percutaneous 
coronary intervention (PCI) or with CABG to improve myo- 
cardial perfusion. The optimal method of coronary revascu- 
larization in dialysis patients is unclear as there are no 
randomized studies that have directly compared the outcomes 


of the two methods. Furthermore, there are also no random- 
ized prospective trials that have compared drug-eluting stents 
(DES) with bare-metal stents (BMS) in dialysis patients. 
There is some evidence in dialysis patients that PCI with 
DES has higher patency rates compared to BMS [27] 
although long-term outcome appears to be inferior to CABG 
(28, 29]. 

The downside to using DES in dialysis patients is the long 
duration required for dual antiplatelet therapy, which reduces 
the risk of stent thrombosis. Premature discontinuation of 
therapy is associated with increased risk of thrombosis. The 
2011 American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines and the 
Society for Cardiovascular Angiography and Intervention 
recommended that for non-ACS intervention, clopidogrel, in 
combination with aspirin, should be given for at least 12 
months and 1 month for DES and BMS, respectively, if 
patients are not at high risk of bleeding [30]. The longer 
duration of dual antiplatelet therapy required for DES can 
pose a challenge in dialysis patients who are already at 
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increased risk for bleeding. Furthermore, combination ther- 
apy with aspirin and clopidogrel has been shown to be asso- 
ciated with increased bleeding risk in dialysis patients in the 
Veterans Affairs Cooperative Study Group on Hemodialysis 
Access Graft Thrombosis study [31]. Nevertheless, these 
should not be taken as contraindications to having DES, but 
rather, careful patient selection, monitoring for bleeding, or 
even decreasing the anticoagulant dose during dialysis can 
be taken into consideration to optimize the therapy for CAD 
in dialysis patients. 


Medical Therapy for Coronary Artery Disease 
Optimal medical therapy for coronary artery disease in dialy- 
sis patients has predominantly been extrapolated from stud- 
ies done in the general population. Antiplatelet therapy 
should be started in the absence of any contraindications. 
The controversy generated by the 4D and AURORA trial has 
been discussed in the earlier section. The decision to initiate, 
continue, or stop statin therapy should be individualized. 
Lifestyle modifications such as smoking cessation and regu- 
lar exercise may be beneficial in decreasing the risk for car- 
diovascular morbidity and mortality. 

The use of nitrates, beta-blockers, or calcium channel 
blockers is useful in the control of angina. The presence of 
coexisting medical conditions such as hypertension and 
peripheral vascular disease might influence the choice of 
antianginal medications. Regardless of the choice, the 
potential hypotensive effects of these drugs during dialysis 
and clearance by dialysis should be taken into consider- 
ation when adjusting the dosage and timing of the 
medications. 

The optimal blood pressure in dialysis patient is unclear 
as excessively lowering of blood pressure is associated with 
increased mortality. Lower blood pressures are also associ- 
ated with increased risk of vascular access failure. Hence, 
blood pressure targets should be individualized, taking into 
account the comorbidities and intradialytic fluctuations in 
the blood pressure. Control of the blood pressure can be 
achieved via optimization of the dry weight and use of anti- 
hypertensive agents. 

The target hemoglobin level with erythropoietin- 
stimulating agents is between 11 and 12 g/dL. Normalization 
of hemoglobin in dialysis patient is associated with higher 
mortality [32]. 


20.7.2 Subclavian Coronary Steal Syndrome 


When creating a new AV access post CABG, care should be 
taken to avoid using the arm ipsilateral to the side where the 
IMA is used. In a situation where an arteriovenous (AV) 
access was created ipsilateral to the side where the IMA was 
used for CABG, whereby the steal syndrome is attributable 
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solely to the AV access, ligation of the AV access would 
abolish the steal but result in a loss of dialysis access. In 
centers where expertise is available, creation of a new arte- 
rial conduit from the contralateral subclavian artery to the 
existing AV access would salvage the AV access and abolish 
the steal syndrome [33]. 

If the subclavian coronary steal syndrome occurs as a 
consequence of subclavian artery stenosis, the culprit lesion 
should be treated. The therapeutic options include bypass 
procedures and endovascular stenting [34]. 

The high technical success rates (91—100 %) with mini- 
mal complication rates (0.9-1.4 %) [34] of endovascular 
treatment of subclavian artery stenosis have made it an 
attractive alternative to open surgical repair, especially for 
dialysis patients who are already at increased surgical risk. 
Reported complications, while minimal, include stroke, 
transient ischemic attack, distal embolization, thrombosis, 
and access site hematoma. Patel et al. reported a large case 
series of 170 patients who underwent endovascular stent- 
ing of the subclavian (94 %) or innominate (6 %) arteries 
over a 13-year period. The primary patency at 12 months 
and 5 years was 93 and 84 %, respectively, and secondary 
patency at 12 months and 4 years was 99 % and 98, respec- 
tively [35]. 


Technical Details 

In preparation for the procedure, both the femoral and brachial 
access sites should be made available as both may be needed 
to gain access to the subclavian artery in difficult situation. 
The decision to employ the femoral or brachial approach is 
dependent on a few factors. The common femoral route is 
generally used because of familiarity with the approach, expe- 
rience, and lower risk of hematoma complications than 
the brachial approach. The brachial approach is favored in the 
presence of severe aortoiliac disease, steep angulation of the 
subclavian artery from the aorta, or if the origin of the subcla- 
vian artery is not well defined. For the femoral approach, a 5- 
to 6-F short sheath is deployed initially, while the 5-F short 
sheath is used for the brachial approach. Once arterial access 
is obtained, 5,000 units of heparin is administered to maintain 
patency and prevent thrombosis. 

The arch aortogram is then performed using a 5-F pig tail 
catheter in the aortic arch (see Fig. 20.2). The patient needs 
to be placed in a 30° left anterior oblique (LAO) position to 
obtain a reasonable image of the aortic arch and great ves- 
sels. Choice of guidewire depends on the lesion characteris- 
tics, sheath, and guide catheter that is required. The lesion 
can be crossed with a .035 in. Wholey wire in moderate ste- 
nosis or a .035 regular-angled Glidewire for high-grade ste- 
nosis. A 5-F, 100 cm hockey stick-shaped diagnostic catheter 
is used for support. Once the lesion is crossed, exchange the 
diagnostic catheter for a long sheath (6-F to 7-F) or guide 
catheter (7-F to 8-F) just proximal to the lesion. 


20 Approach to Chest Pain During Dialysis 


Stenosis => 


Fig. 20.2 Subclavian artery stenosis causing coronary-subclavian 
steal syndrome (note the absence of flow in the left internal mammary 
artery graft) 


Fig. 20.3 Reestablishment of flow in the internal mammary artery 
after stenting of the subclavian artery stenosis 


Balloon angioplasty is subsequently performed to predi- 
late the lesion to decrease risk of stripping and facilitate the 
passage of a balloon-mounted stent. In general, balloon- 
expandable stents are preferred as they allow precise place- 
ment with greater radial strength and lower risk of stent 
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migration than self-expanding stents. The balloon-mounted 
stents are frequently 7-8 mm in diameter and 15-20 mm in 
length. Appropriate sizing is needed to ensure that the ipsilat- 
eral internal mammary and vertebral artery are not obstructed. 
Deployment of the stent can be affected by large movement 
from the aortic arch pulsation, therefore, hold the balloon 
carefully and rapidly deploy the stent to approximately 8 atm. 
Avoid overdilation as it can result in subclavian artery rupture 
and catastrophic consequences. After stent placement, a 
selective subclavian arteriogram is taken to confirm the tech- 
nical success of the procedure (see Fig. 20.3). 


Conclusion 

Chest pain during dialysis can be a diagnostic challenge. 
In addition to the “usual” differential diagnoses, the dialy- 
sis vascular access can sometimes be contributory to the 
symptoms that the patient is experiencing. Awareness of 
the physiological impact of AV access creation on the car- 
diovascular system can help to unearth diagnoses which 
could otherwise be overlooked in the evaluation of chest 
pain during dialysis. 
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Approach to Cyanotic Digits 


and Hand Paresis 


Arif Asif 


Arterial stenoses, vascular calcification, and true arterial 
steal can all play a critical role in the pathogenesis of periph- 
eral hypoperfusion [1]. In contrast, the exact mechanism of 
nerve injury (ischemic monomelic neuropathy) sustained 
after the creation of an arteriovenous access is not entirely 
known [1]. This chapter would address hand ischemia and 
nerve injury as two separate entities and discuss the current 
strategies to combat the two situations. 


21.1 Cyanotic Digits 

While there are multiple etiologies of digital cyanosis, in a 
patient with an ipsilateral arteriovenous access, distal isch- 
emia assumes a more central causative role. There are mul- 
tiple mechanisms that can cause cyanotic digits due to hand 
ischemia in a dialysis patient with ipsilateral arteriovenous 
access. (a) True steal can produce peripheral ischemia (“true 
steal”). It is important to note, however, that in a great major- 
ity of forearm as well as proximal arteriovenous accesses, 
clinically silent retrograde flow can be seen [1]. In this con- 
text, demonstration of retrograde flow alone does not predict 
nor indicate the existence of hand ischemia. (b) Vascular cal- 
cification and diabetes is an important factor that may also 
contribute to the development of symptoms of hand ischemia 
[1]. Vascular calcification affects both intimal and media lay- 
ers. Disturbance in mineral metabolism in the uremic milieu, 
calcium-containing phosphate binders and vitamin D treat- 
ment of secondary hyperparathyroidism, increased oxidized 
low-density lipoprotein cholesterol, increased oxidative 
stress, and hyperhomocysteinemia may contribute to the 
pathogenesis. (c) Arterial stenotic disease is a major mecha- 
nism that can cause hand ischemia. 
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Arterial stenoses play a major role in the pathogenesis of 
hand ischemia in hemodialysis (HD) patients with an arterio- 
venous access. Recent data have emphasized that significant 
(>50 %) arterial stenoses are commonly seen in dialysis 
patients presenting with symptoms of hand ischemia or vas- 
cular access dysfunction [2—8]. These lesions can occur any- 
where within the arteries of the upper extremities including 
the proximal arteries and have been demonstrated to cause 
peripheral ischemia in hemodialysis patients [2-4]. Using 
arteriography, the incidence of arterial stenosis in patients 
with peripheral ischemia has been reported to occur in a sig- 
nificant number of patients. In one study [2], complete arte- 
riography from the aortic to the palmar arch was performed 
to assess the presence of arterial stenosis in HD patients 
presenting with symptoms of peripheral ischemia (n= 13). It 
was found that 62 % of the 13 patients referred for the evalu- 
ation of symptoms of hand ischemia syndrome demonstrated 
a significant (>50 %) arterial stenosis. In another report of 
patients with hand ischemia [4], stenosis in the inflow circu- 
lation was found in over 80 % of the patients who underwent 
complete arteriography (n= 12). 

It is important to mention that the goal for managing hand 
ischemia must focus on augmenting blood flow distal to the 
access to relieve ischemia while preserving the lifeline of the 
patient. A variety of percutaneous interventions including 
percutaneous balloon angioplasty, intravascular coil inser- 
tion and endovascular stent placement are available to 
achieve this goal. Use of one or a combination of these inter- 
ventions has made access ligation the procedure of last resort 
for patients with hand ischemia. However, this procedure 
might still be used when the symptoms are apparent immedi- 
ately after access creation and for those cases which are 
unresponsive to other treatments and demonstrate advancing 
ischemia. 

Arterial stenoses can have a significant effect on the sur- 
gical procedure performed to correct distal ischemia. 
Recognition of these stenoses before planning a surgical pro- 
cedure is very important. For example, in the presence of a 
significant arterial stenosis proximal to the anastomosis, a 
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banding procedure applied to correct arterial steal can result 
in a critical decline in access blood flow culminating in 
access thrombosis. 

Because arterial stenosis is an important cause of distal 
ischemia, the percutaneous approach is gaining popularity in 
the management of hand ischemia. In one study, arteriogra- 
phy was performed to evaluate patients with symptoms of 
hand ischemia [2]. The entire arterial tree from the aortic 
arch to the palmar arch was evaluated. Seven of the ten 
patients with hand pain revealed arterial stenoses while three 
were found to have excessive flow into the access through 
the anastomosis. Five of the seven patients with arterial ste- 
nosis were amenable to angioplasty. Of these, four demon- 
strated resolution of symptoms post treatment. Of the three 
patients with excessive flow, two cases with radiocephalic 
fistulae were treated by coil embolization of the efferent 
radial artery to abolish the steal. The authors concluded that 
transcatheter therapy can be very successful in selected case 
of hand ischemia. In another report, eight of ten patients with 
advanced limb ischemia became symptom free after the 
application of percutaneous balloon angioplasty (PTA) [3]. 
In a recent report of 12 patients presenting with hand isch- 
emia, 10 were found to have arterial stenosis and 8 were suc- 
cessfully treated with PTA [4]. There were no 
procedure-related complications reported in any of these 
studies. 

Many reports have focused on the use of surgical inter- 
ventions including banding/plication, tapered graft insertion, 
distal revascularization-interval ligation (DRIL), and revi- 
sion using distal inflow procedure to correct steal resulting in 
distal ischemia [9-15]. However, a minimally invasive per- 
cutaneous technique designed to limit excessive flow (true 
steal) through the anastomosis causing distal ischemia has 
been reported recently [16]. This technique is based upon the 
application of a ligature around an inflated angioplasty bal- 
loon to create a stenosis of a defined size. According to this 
technique, the body of the access is punctured and entered in 
a retrograde direction. A complete arteriography (with and 
without occlusion) to ascertain the presence of stenosis or 
aberrant anatomy is performed. Under local anesthesia, a 
small (1—2 cm) incision is made over the access some 2—3 cm 
from the arterial anastomosis. At this point, blunt dissection 
is performed so that that a ligature (nylon, Prolene) can be 
passed around the access. An angioplasty balloon is then 
positioned at the inflow. The size of the balloon is based on 
the size of the artery just distal to the arterial anastomosis 
(4-5 mm balloon for elbow fistulae); the goal is to create a 
significant stenosis once the ligature has been applied. The 
balloon is then inflated in the juxta-anastomotic region and a 
ligature is snugly applied on the external surface of the 
access to create a stenotic lesion. The balloon is deflated and 
the symptoms are assessed. In the absence of resolution of 
symptoms, another ligature juxtaposed to the first one to cre- 


A. Asif 


ate a segment of high resistance can be applied. All 16 
patients treated in this manner demonstrated immediate 
symptomatic and angiographic improvement of flow to the 
forearm post procedure. The study did not provide informa- 
tion regarding quantification of the reduction of access flow 
or augmentation of perfusion to the hand. 

The advantages of the percutaneous approach include 
demonstration of arterial anatomy as well as clarification of 
the etiology of hand ischemia. Both angioplasty of an occlu- 
sive lesion and reduction of flow into the access can be per- 
formed using minimal invasive techniques. Other benefits 
include performance of the procedures on an outpatient 
basis, utilization of local anesthesia, and reduced incidence 
of procedure-related complications. It is important to note, 
however, that the outcome of these interventions depends 
strongly on the experience and persistence of the interven- 
tionalist. The advantage of surgical approach is that surgical 
interventions can still be successful where endovascular 
approaches have failed. In summary, a team approach would 
only result in benefits for the patient. 


21.2 Hand Paresis 


Nerve injury leading to hand paresis is also observed in 
patients undergoing arteriovenous access creation. Such 
injuries are usually seen immediately postoperatively and 
often in diabetics. Patients with upper arm accesses are at 
increased risk compared to those with a forearm fistula. In 
simple terms, ischemic monomelic neuropathy (IMN) is a 
nerve injury sustained after the creation of an arteriovenous 
access. It is a complication of vascular access that is observed 
almost exclusively in diabetics particularly those with preex- 
isting neuropathy [16, 17]. This entity is characterized by the 
development of acute pain, weakness, and paralysis of fore- 
arm and hand muscles often associated with sensory changes. 
IMN occurs very early (minutes to hours) after the creation 
of an arteriovenous access. It is caused by ischemic infarc- 
tion of the vasa nervosa. It is most commonly seen in cases 
of upper arm accesses [16, 17]. IMN can be diagnosed clini- 
cally based on an acute onset of pain following access cre- 
ation with a history of diabetes and dominant neurologic 
symptoms and signs. Typically, the hand is warm and the 
radial pulse variably present. Prompt ligation of the access 
and rehabilitation of the decrease in hand and upper extrem- 
ity function have been the traditional approaches to combat 
this situation. 

Diabetes mellitus can be associated with limb pain due to 
isolated nerve involvement [18]. However, this neuropathy 
is generally symmetrical. Carpal tunnel syndrome is due to 
entrapment of the median nerve. Diagnostic clues include 
pain in both hands as median nerve entrapment is bilateral in 
a large proportion of cases. Wasting of the lateral thenar 
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Table 21.1 Causes, presentation, and management of dialysis access-associated cyanotic digits and hand paresis 


Cyanotic digits 


Clinical feature Cold hand with pain on or off dialysis 


Presentation Acute and chronic 
Access type 
Tissue involved Skin>muscle>nerve 
Etiology 
Radial pulse Usually diminished 
Diagnostic evaluation 
More prevalent in 


Management strategies Percutaneous and surgical interventions 


muscles is often present at diagnosis, denoting advanced 
nerve compression [19-21]. An EMG showing reduction of 
motor conduction can help establish the diagnosis [20]. 


21.3 Summary 


Cyanotic digits causing hand pain and nerve injury leading 
to hand paresis can result from ischemic events in patients 
with ipsilateral arteriovenous access. Prompt diagnosis is 
needed to optimally manage both conditions (Table 21.1). 
For cyanotic digits and hand ischemia, multiple interven- 
tions are available. In this context, ligation of the access has 
become a last resort to combat hand ischemia. On the other 
hand, access ligation may be required to limit ongoing nerve 
injury. Hand paresis also requires rehabilitation therapy to 
improve hand function. 
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Common with upper arm but also seen with forearm accesses 


Vascular insufficiency leading to distal hypoperfusion 


Thorough history, physical examination, and arteriography 
Diabetics, peripheral vascular disease, smokers 
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14. 


15. 


16. 
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20. 


21. 


Hand paresis 


Weakness and paralysis of muscles with 
prominent sensory loss 


Acute 

Only with upper arm accesses 

Nerves 

Vascular insufficiency causing nerve damage 
Usually present 

History and the clinical features 

Diabetics, peripheral vascular disease 


Access ligation 


. Lockhart ME, Robbin ML, McNamara MM, Allon M. Association 


of pelvic arterial calcification with arteriovenous thigh graft failure in 
haemodialysis patients. Nephrol Dial Transplant. 2004;9:2564-9. 


. Duijm LEM, Liem YS, van der Rijt RHH, et al. Inflow stenosis in 


dysfunctional hemodialysis access fistulae and grafts. Am J Kidney 
Dis. 2006;48:98-105. 


. DeCaprio JD, Valentine RJ, Kakish HB, Awad R, Hagino RT, 


Claggett GP. Steal syndrome complicating hemodialysis access. 
Cardiovasc Surg. 1997;5:648-53. 

Schild AF, Pruett CS, Newman MI, Raines J, Petersen F, Konkin T, 
Kim P, Dickson C, Kirsch WM. The utility of the VCS clip for 
creation of vascular access for hemodialysis: long-term results and 
intraoperative benefits. Cardiovasc Surg. 2001;9:526-30. 

Schaffer D, Schaffer D. A prospective, randomized trial of 6-mm versus 
4-7-mm PTFE grafts for hemodialysis access in diabetic patients. In: 
Henry ML, Ferguson RM, Gore WL, Associates, Inc, editors. Vascular 
access for hemodialysis-V. Chicago: Precept Press; 1997. p. 91-4. 
Schanzer H, Schwartz M, Harrington E, Haimov M. Treatment of 
ischemia due to “steal” by arteriovenous fistula with distal artery 
ligation and revascularization. J Vasc Surg. 1988;7:770-3. 

Berman SS, Gentile AT, Glickman MH, et al. Distal 
revascularization-interval ligation for limb salvage and mainte- 
nance of dialysis access in ischemia steal syndrome. J Vasc Surg. 
1997;26:393-404. 

Minion DJ, Moore E, Endean E. Revision using distal inflow: a 
novel approach to dialysis-associated steal syndrome. Ann Vasc 
Surg. 2005;19:625-8. 

Goel N, Miller GA, Jotwani MC, et al. Minimally invasive limited 
ligation endoluminal-assisted revision for dialysis access associ- 
ated steal. Kidney Int. 2006;70:765-—70. 

Riggs JE, Moss AH, Labosky DA, Liput JH, Morgan JJ, Gutmann 
L. Upper extremity ischemic monomelic neuropathy: a complica- 
tion of vascular access procedures in uremic diabetic patients. 
Neurology. 1989;39:997-8. 

Miles AM. Vascular steal syndrome and ischaemic monomelic neu- 
ropathy: two variants of upper limb ischaemia after haemodialysis 
vascular access surgery. Nephrol Dial Transplant. 1997; 14:297-300. 
Bansal V, Kalita J, Misra UK. Diabetic neuropathy. Postgrad Med 
J. 2006;82:95—100. 

Vellani G, Dallari D, Fatone F, Martella D, Bonomini V, Gualtieri 
G. Carpal tunnel syndrome in hemodialyzed patients. Chir Organi 
Mov. 1993;78:15-8. 

Bartova V, Zima T. Diagnosis and treatment of carpal tunnel syn- 
drome. Ren Fail. 1993;15:533-7. 

Asencio G, Rigout C, Ramperez P, et al. Hemodialysis-related 
lesions of the hand. Rev Rhum Engl Ed. 1995;62:233-40. 


Approach to an Abnormal 
Surveillance Measurement 


Loay Salman 


22.1 Introduction 

Hemodialysis vascular access dysfunction still significantly 
contributes to hemodialysis patients’ hospitalization and 
adds to the cost of delivering care to dialysis patients [1, 2]. 
While hemodialysis access dysfunction can have various 
manifestations such as prolonged bleeding, edema, high 
recirculation, low dialysis adequacy, or frequently alarming 
dialysis machine, access thrombosis is the most feared com- 
plication as it requires urgent intervention due to the loss of 
the lifeline of the dialysis patient, and thrombosis by itself 
may affect the longevity of the access even after a successful 
thrombectomy procedure. 

Vascular stenosis induced by neointimal hyperplasia is 
the most common cause of hemodialysis vascular access 
dysfunction. Vascular stenosis is seen in almost all patients 
with clotted arteriovenous access [3]. A high percentage of 
hemodialysis patients will develop vascular stenosis [4]. 

Unexplained low Kt/V can be a result of dysfunctional 
vascular access. It is clear now that for every 0.1 decrease in 
Kt/V, there is a significant increase in hospitalizations, hospi- 
tal days, and Medicare cost [5]. The detection of the pres- 
ence of vascular stenotic lesions might be helpful as this 
stenosis can be treated successfully by an outpatient proce- 
dure which is percutaneous balloon angioplasty [6]. 
Additionally there is evidence that treatment of stenotic 
lesions might decrease vascular access thrombosis [7, 8]. 

Regular vascular access evaluation can be beneficial for 
early detection of abnormalities such as stenotic lesions. 
This evaluation can be performed by two main means which 
are monitoring and surveillance. 
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22.2 Vascular Access Monitoring 


Vascular access monitoring is by definition performing a 
physical examination by a qualified individual on regular 
basis. It is recommended that monitoring be performed 
on monthly basis [9]. Vascular access physical examina- 
tion will be discussed in detail in another chapter in this 
book. 


22.3 Vascular Access Surveillance 


Vascular access surveillance by definition means the use 
of additional tools and instrumentations to perform regular 
periodic evaluation of the hemodialysis vascular access for 
early detection of stenotic lesions. Surveillance not only 
involves the use of additional tools and instruments but 
also requires trained staff to perform it. This translates into 
additional cost and burden on the health-care system. The 
biggest obstacle in front of performing surveillance is the 
fact that Medicare does not reimburse surveillance due to 
the lack of well-designed studies to show its benefit on 
vascular access thrombosis or other morbidity parameters. 

There are a number of surveillance methods that have 
been developed to detect vascular stenosis. The main 
types of vascular access surveillance that has been recom- 
mended for use are intra-access flow measurement by an 
outlined method, directly measured or derived static 
venous dialysis pressure by an outlined method, and 
duplex ultrasound. These methods are categorized by 
KDOQI as preferred or acceptable. While intra-access 
flow measurement is preferred for both arteriovenous fis- 
tulae and arteriovenous grafts, directly measured or 
derived static venous dialysis pressure is preferred for 
arteriovenous graft and categorized as only acceptable for 
arteriovenous fistulae [9]. 
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Table 22.1 Indications for referral for arteriovenous access angiogram. Based on access blood flow measurement [1] 


Arteriovenous fistula (AVF) 
Access flow rate less than 400-500 ml/min 


Arteriovenous graft (AVG) 
Access flow rate less than 600 ml/min in grafts 
If access flow is 1,000 ml/min that has dropped 25 % over 4 months 


Prospective trend analysis of the test parameter has greater power to detect dysfunction than isolated values alone 


Persistent abnormalities in any of the monitoring or surveillance parameters should prompt referral for access angiogram 


Table 22.2 Arteriovenous access pressure measurement interpretation and indications for referral for angiogram [1] 


AV graft 
Arterial segment 
Less than 50 % stenosis (not 0.35-0.74 
significant stenosis) 
More than 50 % stenosis Venous outflow >0.75 
(significant stenosis) Intra-access >0.65 
Arterial inflow <0.3 


22.3.1 Intra-access Flow Measurement 


There are a number of techniques that have been used to 
measure intra-access blood flow: Duplex Doppler ultrasound 
(DDU), magnetic resonance angiography (MRA), variable 
flow Doppler ultrasound (VFDU), ultrasound dilution 
(Transonics)(UDT), Crit-Line III (OABF), Crit-Line III 
(TQA), glucose pump infusion technique (GPT), urea dilu- 
tion (UreaD), differential conductivity (GAMBRO) (HDM), 
and in-line dialysance (Fresenius) (DD) [9]. However, most 
of these have significant limitations. Duplex Doppler ultra- 
sound is operator dependent and requires skilled personnel 
and vascular cross-sectional measurement. Additionally it is 
not available in the hemodialysis units. The cost of others 
and inability to perform the measurement during dialysis 
also are significant obstacles in front of their routine use. 
Additionally the description of nephrogenic systemic fibro- 
sis (NSF) in dialysis patients made the use of gadolinium in 
hemodialysis patients a contraindication [10]. An ideal sur- 
veillance method would be the one that can be performed 
during hemodialysis treatment. This, theoretically, will 
enable regular periodic measurements and more compliance 
from patients as no additional appointments will be needed. 

The National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (KDOQI) recommends when measuring 
access blood flow with ultrasound dilution, conductance dilu- 
tion, thermal dilution, Doppler or other technique to be per- 
formed monthly. The assessment also should be performed 
during the first 1.5 h of the treatment to eliminate error caused 
by decrease in cardiac output or blood pressure related to ultra- 
filtration or hypotension [1]. The official KDOQI recommen- 
dation indicates that an access flow of less than 600 ml/min in 
arteriovenous graft and less 400-500 ml/min in arteriovenous 
fistula or if the access flow is 1,000 ml/min that has decreased 
by more than 25 % over 4 months the patient should be referred 
for hemodialysis access angiogram for further evaluation for 


AV fistula 
Venous segment Inflow Outflow 
0.15-0.49 0.13-0.43 0.08-0.34 
Or >0.5 >0.43 Or >0.35 
And <0.5 >0.43 And <0.35 
Clinical findings <0.13 + clinical finding Clinical findings 


the presence of stenotic lesions [1]. Table 22.1 summarizes the 
indication of referral of arteriovenous fistula and graft for 
angiogram as set by KDOQI guidelines [1]. 


22.3.2 Access Pressure 


Static access pressure is measured during dialysis treatment 
by using a manometer connected to the dialysis needles. The 
ratio of intra-graft pressure to the systemic pressure is used. 
This ratio has established parameters that are categorized as 
normal or abnormal. 

Table 22.2 shows the pressure ratios and the indications 
for referral for dialysis access angiogram based on these 
ratios. This table is adapted from the KDOQI guidelines [1]. 

Static pressure measurement is within the preferred meth- 
ods by KDOQI guidelines when used for arteriovenous graft 
surveillance. However, it is only acceptable method when 
used for the arteriovenous fistula surveillance [1]. This might 
be simply due to the fact that fistula would have additional 
paths for blood flow (collateral veins) when outflow stenosis 
develops. These collateral veins will affect the intra-access 
pressure increase (as a consequence of the outflow stenosis). 
Additionally the magnitude of the pressure change as result 
of the same outflow stenosis would be affected by the num- 
ber and size of these collaterals. Therefore, static pressure 
measurement would be theoretically less valuable when used 
for arteriovenous fistulae surveillance. 


22.3.3 Duplex Ultrasonography 


Arteriovenous access surveillance can also be done by the 
use of duplex ultrasonography. This is performed by measur- 
ing peak systolic velocity on both sides of the detected ste- 
notic lesion. Then the ratio of the two peak systolic velocity 
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measurements is calculated. A ratio of more than two is sus- 
picious for significant vascular stenosis [11]. 

One major limitation of this method is that it is not avail- 
able in hemodialysis units. This mean it cannot be performed 
during dialysis treatment. Patients have to be scheduled for 
an additional visit. Duplex ultrasonography is operator 
dependent. 


22.4 Vascular Access Surveillance Evidence 


A number of observational studies have been performed 
evaluating various surveillance methods reported a substan- 
tial decrease in the graft thrombosis after implementing a 
surveillance program [12-16]. Based on this evidence the 
National Kidney Foundation Kidney Disease Outcomes 
Quality Initiative (KDOQI) VA guidelines have emphasized 
that hemodialysis units should implement graft surveillance 
programs and refer patients with suspected graft stenosis for 
preemptive angioplasty [1]. 

There is paucity in randomized control studies that were 
conducted to evaluate hemodialysis access surveillance. 
These randomized studies raised serious doubts regarding 
the validity of this approach [17—25]. However, the available 
randomized trials have significant limitations. Table 22.3 
summarizes these trials. 

In one of the randomized [17], controlled trial, 101 
patients were assigned to control (n=34), access flow 
(n=32), or duplex ultrasound to diagnose significant vascu- 
lar stenosis >50% (n=35). The control group underwent 
physical examination. Access flow was determined by ultra- 
sound dilution test on a monthly basis in the access flow 
group. Duplex ultrasound was performed quarterly to assess 
the percentage of stenosis in the duplex ultrasound group. 
Referral for angiography was based on an established criteria 
{Control group (7=34), flow group (n=32), blood flow 
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<600 ml/min or clinical criteria; and stenosis group (n=35)}. 
Stenosis of >50 % was corrected by percutaneous translumi- 
nal angioplasty. This study found that graft thrombosis was 
the lowest in the duplex ultrasound group at 28 months while 
the 2-year graft survival was similar (62 %), (60 %) and 
(64 %) for the control , access flow , and duplex ultrasound 
groups respectively (P=0.89). Flow monitoring and duplex 
ultrasound were not superior to clinical examination. 

Robbin et al. [18] randomized 126 patients to clinical 
monitoring (control group) and surveillance with ultrasound 
(ultrasound group) in patients with AVG. Ultrasound surveil- 
lance was for graft stenosis and clinical monitoring included 
detailed physical examination of abnormalities related to 
dialysis session (prolonged bleeding, cannulation difficul- 
ties, clot aspiration, inability to achieve the prescribed blood 
flow). Ultrasound surveillance for graft stenosis was per- 
formed every 4 months. This study showed that there was no 
difference in the frequency of thrombosis between the two 
groups (control 0.78; ultrasound group 0.67; P=0.37). The 
median time to permanent graft failure did not differ between 
the two groups (38 versus 37 months; P=0.93). The authors 
concluded that the addition of ultrasound surveillance to 
clinical monitoring increased the frequency of invasive pro- 
cedures but failed to decrease the likelihood of graft throm- 
bosis or failure. 

Although these studies failed to show an advantage, oth- 
ers emphasized a beneficial effect of surveillance and 
improved graft survival [21, 22]. Tonelli et al. [23] conducted 
a randomized clinical trial comparing access surveillance 
(using access blood flow or ultrasound-based surveillance) 
with standard care. This study did not show any decrease in 
the risk for graft thrombosis or access loss in the access 
screening group. Although there was a significant reduction 
in thrombosis rates in AVF, there was no difference in the 
risk for fistula loss or resource use. Therefore, this study also 
showed no evidence that screening with either access blood 


Table 22.3 Randomized clinical trials comparing surveillance to monitoring 


Study Number of patients Surveillance method 

Sands et al. [23] 103 Access flow 
Static venous pressure 

Moist et al. [19] 112 Access flow 
Dynamic venous 
pressure 

Ram et al. [17] 101 Access flow 
Stenosis 

Polkinghorne et al. [24] 137 Access flow 

Mayer et al. [25] 70 Duplex scan 
(ultrasound) 

Malik et al. [21] 192 Duplex scan 
(ultrasound) 

Robbin et al. [18] 126 Duplex scan 


(ultrasound) 


Type of access Primary outcome Results 


68 AVF AV access thrombosis Positive (in favor 
35 AVG of access flow 
measurement) 

AVG AV access thrombosis Negative 

or loss 
AVG AV access thrombosis Negative 

or access survival 
AVF Significant stenosis Negative 
AVG AVG survival Positive 
AVG AVG patency Positive 
AVG AVG survival Negative 
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flow or Doppler ultrasound is of benefit in patients with 
AVG; however, it did have a number of limiting factors such 
as small sample size and inadequate power. In light of these 
confounding factors, the role of surveillance at best remains 
controversial. 

Beathard et al. [26] conducted a study where a 101 patients 
were assigned to control, flow (<600 ml/min by ultrasound 
dilution), or stenosis (luminal narrowing >50% by ultra- 
sound). Patients were followed for up to 28 months. The 
access-related hospitalizations and costs of care were assessed 
in the three groups. The study also looked into the use of tun- 
neled dialysis catheter among the three groups. The results 
showed that hospitalization rates were significantly higher in 
the control and flow groups than in the stenosis group (0.50, 
0.57, and 0.18 per patient-year, respectively; P=0.01). The 
costs of care were the highest in the control and flow groups 
than in the stenosis group (P=0.015). 


Conclusion 

The National Kidney Foundation Kidney Disease 
Outcomes Quality Initiative (KDOQI) recommends an 
organized monitoring/surveillance approach with regular 
assessment of clinical parameters of the AV access and 
HD adequacy. Data from the clinical assessment and HD 
adequacy measurements should be collected and main- 
tained for each patient’s access and made available to all 
staff. The data should be tabulated and tracked within 
each HD center as part of a quality assurance (QA)/CQI 
program [1]. 

There is some evidence that implementing such pro- 
gram might be beneficial in regard to access thrombosis, 
hospitalization, and cost burden. But this benefit might be 
on the expense of increasing procedure numbers. 
However, due to the conflicting results of other studies 
that looked at the same and other variables, the health care 
is in need of a well-designed randomized controlled trial 
adequately powered to evaluate multiple variables like 
access thrombosis, cumulative access patency, need for 
tunneled dialysis catheters, hospitalizations, and cost. 
Such a study need to cover both arteriovenous fistulae and 
arteriovenous grafts. 
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to Diagnosis and Management 


Diego A. Covarrubias, Chieh Suai Tan, and Steven Wu 


23.1 ‘Introduction 


Adequate arterial inflow is an essential requirement of a suc- 
cessfully functioning arteriovenous (AV) access for hemodi- 
alysis (HD). Patients with end-stage renal disease (ESRD) 
on HD have a high incidence of peripheral artery disease 
(PAD) and vascular derangements in general. The arteries 
utilized for AV access creation are subject to similar patho- 
logic processes as those of the lower extremities in this pop- 
ulation, leading to the potential for AV access dysfunction. 
Arterial disease is a relatively underappreciated cause of AV 
access dysfunction. This chapter will provide an overview of 
the approach to the patient with suspected arterial stenosis 
leading to AV access dysfunction. 


23.2 Definition, Epidemiology, 
and Pathophysiology 

23.2.1 Definition of Arterial Stenosis 

The precise definition of arterial stenosis in the setting of HD 


AV access is somewhat variable. An acceptable working 
definition is an arterial stenosis of 50 % or greater decrease 
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in luminal diameter as compared with adjacent normal cali- 
ber artery occurring in the arterial inflow to the AV access 
anywhere from the anastomosis to the ascending aorta. This 
will be the definition used for the purposes of this chapter. 
Some authors specifically choose to exclude the juxta- 
anastomotic region in their definition of arterial stenosis; 
however, lesions in specific locations will be addressed later 
in the discussion. 


23.2.2 Epidemiology of Arterial Stenoses 


Traditionally, arterial inflow stenoses were considered to be 
a rare cause of dysfunctional AV access, especially when 
compared to lesions of the venous outflow. Early estimates 
cited occurrence of arterial stenoses in 0—4 % of patients [1], 
while recent publications have provided evidence of an inci- 
dence ranging from 14 to 42 % [2]. The majority of lesions 
are juxta-anastomotic in location, with up to one third involv- 
ing the more proximal feeding arteries. A higher incidence of 
inflow stenoses is seen in forearm AV access compared to the 
upper arm location [3]. Also, a higher incidence of these 
lesions is seen in fistulas than grafts [4]. Most commonly, 
non-anastomotic stenoses are seen in the subclavian artery, 
followed by the radial artery [5]. The likelihood of arterial 
lesions increases with increasing age [6]. Venous stenoses 
coexist with arterial lesions up to 54 % of the time in patients 
with fistulas and up to as high as 100 % of the time in patients 
with grafts [7]. 


23.2.3 Pathophysiology of Arterial Stenoses 


The pathogenesis of arterial inflow stenosis is unclear likely 
multifactorial in etiology. In a proportion of patients, some 
degree of underlying arterial disease was inevitably present 
prior to surgical creation of AV access. The high-flow state 
the vessels endure under regular hemodialysis is also likely a 
contributory causal factor [8]. Unfortunately, no clinical 
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studies specifically address how or when the high-flow state 
of HD causes its effects on healthy native arteries. Precursors 
to arterial stenoses include neointimal hyperplasia and ath- 
erosclerotic plaques, both calcified and noncalcified [9]. The 
altered physiologic state of HD contributes to both initiation 
and accelerated progression of these lesions, likely due to its 
inflammatory nature [10]. As these lesions develop and 
advance in severity, they lead to luminal narrowing and 
eventually stenosis. 


23.3 Initial Evaluation 

The presence of limb ischemia during hemodialysis may 
prompt a search for a specific cause. While the differential 
diagnosis may be broad, an arterial lesion should be consid- 
ered and ruled out as this may represent a curable etiology. 


23.3.1 History 

Evaluation should begin with the taking of a thorough his- 
tory. This would include questioning regarding the occur- 
rence of relevant symptoms such as claudication, the 
presence of cold hands or feet, and rest pain. The relationship 
of these symptoms to hemodialysis sessions should also be 
determined, with careful recording of number of occur- 
rences, nature/character of symptoms, as well as duration 
and whether or not the limb affected contains the AV access. 
Patients should also be questioned concerning a history of 
previous surgery, trauma, or prior failed AV access. The goal 
of history taking is to attempt to elucidate a specific cause of 
the symptoms in question. Admittedly, in the setting of an 
arterial stenosis as the causal factor, the history is limited in 
contributing to actually arriving at the diagnosis. 


23.3.2 Physical Examination 


Physical examination in combination with a detailed history 
will increase diagnostic confidence. The physical exam 
should obviously be focused on the area of symptomatology. 
In the hemodialysis patient, this is most commonly in the 
limb containing the AV access. Palpation for thrill and ten- 
sion is the first step in evaluating the AV access. However, 
abnormality in flow through the access on palpation is a non- 
specific finding. Other basic initial maneuvers involve evalu- 
ation of the radial and ulnar blood supply as well as 
comparison of bilateral blood pressures. The Allen’s test can 
be utilized to evaluate the adequacy of the dual blood supply 
to the hand. Blood pressures in the extremity containing the 
AV access typically are 10-20 mmHg higher than in the con- 
tralateral extremity. If the blood pressure in the access 
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extremity is lower than that in the contralateral extremity, 
this suggests the presence of arterial stenosis. Additional 
assessment of the extremity for stigmata of vascular compro- 
mise should also be undertaken. The presence of pain, sen- 
sory deficits, skin discoloration, and ulceration should be 
noted. If hand pain is present and relieved by occlusion of 
the AV access, distal hypoperfusion ischemic syndrome 
(DHIS) may be considered. This entity is commonly due to 
arterial stenosis and is specifically addressed in a separate 
chapter on hand pain. Additionally, loss of hair or nail bed 
changes should be sought. The physical examination may 
need to be repeated during a hemodialysis session, as the 
symptoms may only occur at such times. 


23.3.3 Hemodynamic Parameters 
During Hemodialysis 


Measurement of certain hemodynamic parameters during 
hemodialysis is an important component of AV access main- 
tenance. Problems during HD are often the first manifesta- 
tion of access dysfunction. Recent studies have found that 
when measurement of access blood flow (Qa) is less than 
650 ml/min, this represents a relatively sensitive and specific 
sign of inflow stenosis [11]. A full discussion of hemodialy- 
sis parameters is beyond the scope of this chapter. 


23.3.4 The Importance of Prior 
Imaging Studies 


A thorough initial evaluation should not only include history 
and physical exam but also a review of pertinent prior imag- 
ing studies. The increasingly widespread acceptance of elec- 
tronic medical records and picture archiving and 
communications systems (PACS) allows for a wealth of 
patient information to remain readily available to the physi- 
cian. This information should be maximally utilized. A 
hemodialysis patient with symptomatology and history and 
physical exam findings suggestive of the presence of arterial 
stenosis may have a prior imaging study on file that could 
provide a clue as to the etiology. Such possible findings may 
include the presence of either central or peripheral vascular 
lesions or abnormalities. If prior imaging studies are not 
available or unhelpful, dedicated imaging of the central vas- 
culature supplying the AV access may be advisable. 


23.3.5 Diagnosis Requires a High 
Index of Suspicion 


The signs and symptoms of arterial stenosis are usually 
nonspecific, rendering diagnosis by history and physical 
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exam difficult. The challenge is compounded by the fact 
that commonly arterial and venous outflow lesions coexist. 
A high index of suspicion is necessary to pursue a diagno- 
sis of arterial inflow stenosis. After successful and com- 
plete treatment of the venous disease, persistence of 
clinical features of inadequate arterial inflow or observa- 
tion of sluggish flow on post-angioplasty angiogram war- 
rants further investigation of the arterial tree. Clinical 
assessment can raise the index of suspicion for the pres- 
ence of arterial stenosis, but the mainstay of diagnosis is 
via imaging. 


23.3.6 Preventative Measures 


Finally, preventative measures undertaken when planning 
placement of the AV access will ensure adequate future 
function. Ideally, the entire arterial tree supplying the 
intended site of AV access should be thoroughly evalu- 
ated prior to surgical creation. An arterial stenosis involv- 
ing the inflow of the planned AV access may represent a 
subclinical preexisting condition which is only unmasked 
following surgical placement of a low vascular resistance 
AV access. Arterial lesions like these are extremely 
important to recognize because they can lead to poor AV 
access maturation and function as well as being the direct 
cause of symptoms such as hand ischemia. Again, it is 
imperative to evaluate the entire arterial inflow prior to 
surgical creation of an AV access in order to decrease the 
probability of clinically significant issues involving the 
arterial side of the access arising in the future. Discovery 
of a significant arterial stenosis or lesion during presurgi- 
cal work-up does not preclude placement of AV access, 
as many of these lesions can be successfully treated using 
endovascular techniques, such as percutaneous translu- 
minal angioplasty (PTA) and/or stenting (Table 23.1 
Evaluation). 


Table 23.1 Evaluation of patients with suspected arterial stenosis 
affecting an AV access 


1. History 


Inquire regarding claudication, “cold” hands, rest pain, 
relationship of symptoms to HD, previous surgery, trauma, or 
failed AV access 


2. Physical exam 
Palpate for thrill and tension 
Comparison of bilateral blood pressures (AV access extremity 
typically 10-20 mmHg higher) 
Search for stigmata of vascular compromise: skin discoloration, 
ulceration, loss of hair, nail bed changes 

3. Assess hemodynamic parameters during hemodialysis 

4. Review prior imaging studies 

5. Obtain diagnostic studies 


23.4 Differential Diagnosis 

The differential diagnosis of AV access dysfunction includes 
lesions of both the venous outflow and arterial inflow, as well 
as the access itself. When evaluating hemodialysis AV access 
problems, the practitioner should visualize the access as a 
portion of a circuit, which includes the heart, arterial inflow, 
AV access, and venous outflow. The circuit model allows for 
a systematic approach to potential clinical issues that may 
arise with an AV access. Each component of the circuit 
should be carefully evaluated, which will ensure a thorough 
assessment. For example, once other causes such as venous 
outflow obstruction, heart failure, and thrombosis are 
excluded, logically, the arterial inflow must be the culprit. 
Perhaps the major challenge in diagnosing and treating arte- 
rial stenoses lies in the lack of a standardized algorithmic 
approach to evaluation. Whenever a patient presents with a 
problematic AV access, the concept of the vascular circuit 
should be kept in mind, as rendered treatments may be insuf- 
ficient if only one portion of the circuit is addressed. A highly 
specific and sensitive sign of arterial stenosis is when poor 
blood flow persists after adequate treatment of the venous 
outflow [7]. 


23.5 


Diagnostic Studies 


23.5.1 Overview 

Assessment of the arterial tree in patients with problematic 
AV access can be performed with various modalities. The 
modalities differ in accuracy, effectiveness, and specific 
advantages and disadvantages. Noninvasive studies may 
provide an accurate diagnosis; however, treatment will typi- 
cally require either endovascular intervention or surgery. 
Conventional angiography in the form of a fistulogram or 
graftogram is an acceptable first option for evaluation of dys- 
functional AV access as it provides both a diagnosis and the 
potential to render treatment simultaneously. 


23.5.2 Noninvasive Studies 


Noninvasive modalities include sonography, computed 
tomographic (CT) angiography, and magnetic resonance 
(MR) angiography. 


Ultrasound 

Ultrasound is a widely available low-cost imaging modality 
uniquely suited to examination of vascular structures. The 
superficial location of HD AV access facilitates sonographic 
visualization. Sonography has the ability to quantify flow 
velocity and direction in real time and can depict morphologic 
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abnormalities such as stenoses or thrombus [12]. Disadvantages 
of ultrasound include an inability to evaluate the central vascu- 
lature and significant dependence on the skill of the operator. 


CT Angiography 

CT angiography provides a rapid, well-tolerated means of 
evaluating the entire arterial tree as well as the venous out- 
flow. Other advantages include excellent spatial resolution 
and the ability to post-process acquired data, for example, 
creation of three-dimensional reconstructions. CT is also 
widely available and technically does not depend on the 
operator for high-quality images. The major disadvantages 
of CT include the use of ionizing radiation and intravenous 
contrast material. Growing acceptance of low-dose CT pro- 
tocols has somewhat lessened patient radiation exposure 
[13]. In the HD population, use of IV contrast does not pose 
a problem as renal function is not a concern. 


MR Angiography 

MR angiography is similar to CT in that it has the ability to 
depict the entire AV access circuit, including the central vascu- 
lature. An advantage is the lack of ionizing radiation. MR can 
be performed without intravenous contrast using certain 
parameters; however, the acquired data sets with these 


Fig. 23.1 Fluoroscopic image 
shows an angioplasty balloon 
inflated in the left superficial 
femoral artery (a). This was the 
feeding artery of a lower 
extremity AV access, which had 
occluded but was successfully 
recanalized (b) 
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techniques are not as accurate as their contrast-enhanced 
counterparts, and diagnostic confidence is potentially 
decreased by multiple artifacts. Contrast-enhanced MR angi- 
ography is an excellent study for evaluation of vascular struc- 
tures. Unfortunately, the recognition of the association of NSF 
with poor clearance of gadolinium has limited the use of con- 
trast-enhanced MR in the HD population [14]. Other disad- 
vantages of MR include longer image acquisition times, which 
may not be well tolerated by patients. Additionally, many HD 
patients have comorbid conditions that may preclude exposure 
to a magnetic field, such as an indwelling pacemaker. Patients 
with vascular stents pose a significant problem for evaluation 
with MRA as the stents will create artifacts limiting evaluation 
of patency and adjacent vascular segments. 


23.5.3 Conventional Angiography 


Conventional angiography is the gold standard method for 
evaluation of AV access dysfunction. It is highly accurate and 
can be used to evaluate the entire access circuit. A major 
advantage of angiography is that it allows for concurrent diag- 
nosis and treatment, via endovascular techniques such as PTA 
and/or stenting (Fig. 23.1). Disadvantages include the invasive 
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nature of the procedure, use of iodinated contrast and ionizing 
radiation, relative cost, need for patient sedation and monitor- 
ing, and the potential occurrence of associated complications. 
Complications of conventional angiography include bleeding, 
infection, and vascular injury. Major complications, though 
rare, do occur, and patients may require emergent surgery. 

Common interventional practice is to use the fistula or 
graft itself as the point of access for diagnosis or treatment 
(fistulogram/graftogram). This approach facilitates assess- 
ment of the venous outflow and anastomosis and allows for 
relatively simple and straightforward treatment of lesions on 
the venous side of the AV access circuit. Complete evalua- 
tion of the arterial inflow then requires crossing the anasto- 
mosis and placing a diagnostic catheter centrally. Noninvasive 
imaging studies may allow for detection of central lesions 
prior to fistulogram/graftogram. Armed with this knowledge, 
the operator could then consider a different approach to 
assist in treatment if necessary, such as the common femoral 
artery route (Table 23.2 Diagnostic studies). 


23.6 Classification of Arterial Lesions 


23.6.1 Overview 


Arterial stenoses can be classified according to location and 
type. Locations include central, feeding arteries, juxta- 
anastomotic, and distal. These lesions can be due to intrinsic 


Table 23.2 Diagnostic studies: advantages and disadvantages 


1. Noninvasive: 
(a) Ultrasound 


Pro: widely available, low cost, ability to quantify flow 
velocity and direction in real time, can depict stenoses or 
thrombus 


Con: Inability to evaluate central vasculature, highly 
operator dependent 

(b) CT angiography 
Pro: fast, evaluate entire arterial tree/venous outflow, 


excellent spatial, post-processing, widely available, no 
operator dependence for high-quality images 


Con: ionizing radiation, intravenous contrast material 
(c) MR angiography 

Pro: similar advantages to CT with additional lack of 

ionizing radiation 

Con: longer image acquisition times, artifacts of non- 


contrast sequences, NSF, pacemakers and stents 
contraindicated 


2. Invasive: 
(a) Conventional angiography 
Pro: gold standard method for evaluation of AV access, 


highly accurate, evaluate entire access circuit, concurrent 
diagnosis and treatment (PTA/stent) 


Con: iodinated contrast, ionizing radiation, relative cost, 
need for sedation/anesthesia, potential complications 


vascular factors such as underlying atherosclerosis or due to 
external factors such as compression by adjacent anatomic 
structures. The degree of stenosis can be described as mild, 
moderate, or severe. A severe stenosis is usually hemodynami- 
cally significant. The significance of mild to moderate steno- 
ses is generally not so easily qualifiable, with such lesions not 
necessarily associated with a hemodynamic abnormality. In 
the non-dialysis population, clinically insignificant mild to 
moderate stenoses may be the norm [15]. In HD patients, even 
a mild arterial stenosis can be problematic if it limits the inflow 
to the AV access or causes limb ischemia. 


23.6.2 Anastomotic and Juxta-anastomotic 
Lesions 


Up to 50 % of lesions in patients with AV access for HD are 
located in the anastomotic and juxta-anastomotic regions, by 
far the most common location [16]. Fortunately, these lesions 
are typically easily diagnosed at fistulogram/graftogram via 
retrograde injection with manual occlusion of the venous 
outflow, allowing for treatment. 


23.6.3 Central and Feeding Artery Lesions 


In contrast, central or feeding artery stenoses present a diag- 
nostic challenge, as lesions in these locations are not usually 
identified during the typical fistulogram/graftogram 
(Fig. 23.2). Stenoses in these locations can account for up to 
roughly 30-40 % of lesions and are not uncommon [17]. If 
the index of suspicion for a central lesion is high, diagnosis 
may require retrograde cannulation of the aorta through the 
AV access to perform arteriography and runoff or an ante- 
grade approach via arterial puncture at a site other than the 
access. 


Fig. 23.2 Digital subtraction angiogram demonstrates segmental ste- 
noses (labeled) of the left brachial artery in the inflow of the forearm 
AVF. This led to AVF dysfunction. Note no catheter is seen within the 
vessel, denoting that the arterial system was not accessed through the 
AV access 
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23.6.4 Distal Artery Lesions 


Distal arterial stenoses are less frequently encountered than 
juxta-anastomotic and central lesions. The association of 
peripheral arterial disease and general vasculopathy with the 
HD patient population predisposes these patients to diffuse 
arterial disease. Although a distal arterial stenosis will not 
have a direct affect on AV access function, it has the potential 
to induce devastating clinical consequences. These include 
hand ischemia or tissue loss in the extremity containing the 
AV access. For this reason, if there are symptoms attributed 
to arterial stenosis and the more common locations for dis- 
ease demonstrate no evidence of disease, the distal arteries 
should be thoroughly evaluated. Another caveat that must be 
kept in mind is that distal arterial stenoses often coexist with 
abnormalities of the venous outflow. Treatment of venous 
outflow disease without addressing a distal arterial stenosis 
can inadvertently trigger a steal phenomenon. This occurs 
because the low resistance to flow in the treated AV access 
preferentially shunts blood away from the vascular territo- 
ries beyond the high-resistance distal arterial lesion. A thor- 
ough retrograde angiogram should demonstrate at least the 
immediate distal arterial segments and allow for avoidance 
of this scenario. 


23.6.5 Lesions Due to External Compression 


External compression of the arterial inflow by adjacent ana- 
tomic structures is a rare cause of AV access dysfunction. 
Examples of potential situations are compression of the sub- 
clavian artery by a thoracic aortic aneurysm or a cervical rib. 
Endovascular treatment of these lesions alone is futile, as the 
underlying compression must be addressed. Surgical decom- 
pression is required. Occasionally, an arterial stenosis at the 
anastomotic or juxta-anastomotic region of a previous failed 
AV access in the same extremity acts as the direct cause of 
dysfunction of a downstream AV access and/or hand 
ischemia. 


23.7 Management 

Endovascular techniques are the mainstay of management of 
AV access dysfunction for both venous and arterial lesions. 
This approach allows for confirmation of the diagnosis and 
treatment in the same session and can lead to continued 
patency of the access. Endovascular treatments are safe and 
effective, can be performed on an outpatient basis in most 
instances, and can be repeated as needed should future prob- 
lems arise [18]. In rare cases, recanalization of severe occlu- 
sive arterial stenosis with a guidewire fails, making surgical 
bypass a second-line treatment option. Especially in the case 
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of arterial inflow disease, primary patency rates are excel- 
lent, with multiple studies documenting no requirement for 
additional treatment following successful angioplasty or 
stenting [19]. 


Percutaneous Transluminal 
Angioplasty 


23.7.1 


Percutaneous transluminal angioplasty is the main form of 
endovascular treatment. PTA is used in both venous and arte- 
rial structures. Interventionalists that regularly perform eval- 
uation of HD AV access should have a definite familiarity 
with endovenous PTA, as it is commonly performed. PTA of 
arterial lesions varies somewhat from its venous counterpart, 
due to the underlying physiologic differences between artery 
and vein. Depending on the unique training pathway of the 
interventionalist, some individuals may not be as comfort- 
able or familiar with arterial PTA. For example, common 
practice of endovenous PTA usually requires an oversized 
balloon under high pressure with a relatively long duration of 
inflation to achieve acceptable results. In contrast, for arterial 
angioplasty, a balloon appropriately sized to the vessel diam- 
eter is used, lower pressures are required, and less inflation 
time is necessary [20]. PTA of arterial lesions is associated 
with more potential complications than venous angioplasty. 
Potential complications include arterial dissection, occlu- 
sion, thrombosis, distal embolization, and rupture [21]. 
Despite the higher complication rate, successful angioplasty 
of arterial lesions carries a higher primary patency rate than 
venous treatments, which often require multiple repeated 
sessions to maintain a patent outflow. Complication rates, 
though higher than venous angioplasty, are nevertheless 
acceptable in light of the usually complicated medical 
comorbidities present in the HD population. Operator expe- 
rience also plays a role in complication rates, and as evalua- 
tion and treatment of the arterial portion of the AV access 
circuit become more routine, interventionalists will continue 
to become more adept at their performance. 


23.7.2 Stents 


Stents are a treatment option available as an adjunct to PTA. 
Following PTA, a significant residual stenosis may be seen. 
Also, lesions resistant to balloon dilatation are sometimes 
encountered during angioplasty (Fig. 23.3). In these cases, 
stenting would allow for effective restoration and preserva- 
tion of adequate luminal diameter. Other cases in which stents 
are useful are in the setting of angioplasty complications. 
Should arterial dissection or rupture arise due to PTA, stents 
can be used to quickly and safely treat these lesions while 
preserving the native vascular channels and the AV access. 
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Fig. 23.3 (a) Digital subtraction angiogram demonstrates complete 
occlusion of the left subclavian artery. The patient has a left upper 
extremity AVF and presented with ischemic signs in the left upper 


Stent Varieties 

Stents are available in a wide variety of types. These include 
variations in external design such as bare metal or covered as 
well as variations in delivery methods, such as self-expanding or 
balloon-mounted. Each of the available systems offers its own 
advantages and disadvantages, such as specific safety profile, 
limitations, patency rates, and precision of delivery. Self- 
expanding stents generally have greater tensile and radial 
strength, while balloon-mounted stents allow for very precise 
delivery. There is a higher potential for stent fracture/malfunc- 
tion when using balloon-mounted stents. Self-expanding stents 
may be preferred in the more central arterial tree. Newer stents 
have been designed with greater flexibility, and placement across 
joints or points of flexion has become more commonplace. This 
should, however, be avoided whenever possible as the risk of 
stent occlusion and fracture increases in such locations. Covered 
stents are preferred in the treatment of venous lesions due to 
higher patency rates in comparison to bare-metal stents [22]. 
Bare-metal stents are effective for treatment of arterial lesions 
and are commonly used for resistant or recoiling stenosis [23]. 


23.7.3 Angiographic Approach 


As mentioned previously, common practice for angiography 
is to cannulate the AV access. Again, for treatment of arterial 


extremity as well as AV access dysfunction. (b) The occlusion was suc- 
cessfully crossed, and a stent was placed across the closed segment, 
restoring patency and inflow to the left upper extremity 


lesions, this requires retrograde cannulation across the anas- 
tomosis. This approach has been proven to be safe and effec- 
tive and eliminates some potential complications associated 
with arterial puncture at other sites, such as pseudoaneurysm 
formation. The interventionalist can choose to access the 
arterial tree through a variety of routes, including the com- 
mon femoral artery, the axillary artery, the brachial artery, 
and the radial artery. Studies have demonstrated that an ante- 
grade approach is associated with increased rates of detec- 
tion of the presence of inflow lesions relative to the retrograde 
approach [24]. Regardless of the approach, the basic princi- 
ples of angiography should be practiced. This entails gaining 
arterial access and using a guidewire and catheter system to 
cannulate the vessel of interest under fluoroscopic guidance, 
allowing for injection of contrast material. Of import, when 
treatment is planned, guidewire access across the lesion 
undergoing PTA or stenting should be maintained at all times 
(Table | Management). 


23.7.4 Anticoagulation 


The use of anticoagulants during diagnostic and therapeutic 
angiography varies by institution. Although anticoagulation 
therapy with heparin is usually not required, the interven- 
tionalist may choose to administer a dose prior to angio- 
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Table 23.3 Endovascular management 


1. 


Access 
Commonly through AV access 


If site of arterial lesion known from prior noninvasive imaging, 
common femoral or other approach may be useful 


. Diagnosis 


Depiction of the venous outflow, AV access, and arterial anatomy 


Depending on access route, retrograde cannulation of central/ 
feeding arteries may be necessary 


. Treatment 


Guidewire access across lesion to be treated maintained at all times 
(a) PTA 
Appropriately sized balloon based on vessel diameter; lower 
pressures/shorter inflation than venous PTA 
(b) Stents 


Used for resistant or recoiling stenoses; generally self- 
expanding type preferred 


Table 23.4 Anticoagulation recommendations 


During PTA: 


Use of heparin varies by institution 
3,000 units IV a reasonable dose, with titration to ACT >250 s 


Following stent placement: 


Immediate loading dose of clopidogrel (300 mg) followed by 
75 mg daily for 6 months 


Aspirin 81-325 mg daily 


plasty. If stents are placed, standard antiplatelet therapy with 
aspirin and clopidogrel should be initiated following the pro- 
cedure (Table 23.4 Anticoagulation recommendations). 


Conclusion 

Arterial stenoses are an underappreciated significant con- 
tributor to AV access dysfunction. The HD population has 
a high degree of associated vasculopathy, which empha- 
sizes the prevalence of arterial lesions in this setting. 
Interventions, including PTA and stent placement, per- 
formed on arterial lesions typically have excellent results, 
with an up to 20 % increase of flow in 90 % of cases as 
well as superb long-term patency rates. However, diagno- 
sis still poses a significant challenge, as many interven- 
tionalists do not visualize the entire arterial tree at 
fistulogram/graftogram. Noninvasive imaging may facili- 
tate diagnosis in certain cases, but the gold standard 
remains angiography. Complete evaluation of the arterial 
tree, including the central arteries and feeding arteries as 
well as the juxta-anastomotic region, is crucial; however, 
this may be a time-consuming endeavor that also increases 
procedural risk. The exceptional clinical results obtained 
with endovascular treatment warrant a thorough evaluation 
in at least patients who are likely to have an arterial lesion. 
A combination of clinical and noninvasive imaging 


findings may allow for stratification of patients in this 
regard. The interventionalist should be familiar with the 
available approaches to arterial diagnosis, potential com- 
plications, and benefits of treatment in order to deliver the 
best possible care while minimizing adverse outcomes. 
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24.1 Introduction 

Atherosclerosis is the underlying mechanism of 90 % of all 
renal artery stenosis (RAS) [1]. In the Cardiovascular Health 
Study (CHS), the prevalence of significant RAS was detected 
by renal duplex sonography in 6.8 % of subjects [2—4]. 
Renovascular disease was independently associated with 
age, hyperlipidemia, and hypertension. In a series of nearly 
4,000 patients undergoing coronary angiography, aortogra- 
phy demonstrated >75 % renal artery stenosis in 4.8 % of 
patients [5]. In 3.7 % of patients, the renal arteries were 
affected bilaterally [6]. In patients with aortic aneurysms, 
aorto-occlusive or lower-extremity occlusive disease greater 
than 50 % stenosis was present in more than 30 % of patients 
[7]. The increased prevalence of RAS in patients with coro- 
nary or peripheral arterial disease reflects the systemic nature 
of atherosclerosis and the overlapping existence of the dis- 
ease in multiple vascular beds. 

Atherosclerotic RAS is a progressive disease. In a series 
of 295 kidneys followed by renal artery duplex scans, the 
3-year cumulative incidence of renal artery disease progres- 
sion stratified by initial degree of stenosis was 18, 29, and 
49 % for renal artery classified as normal, with <60 % steno- 
sis and with >60 % stenosis, respectively [8]. In this study, 
there were nine occlusions, which occurred in patients who 
had >60 % stenosis at the time of initial evaluation. Schreiber 
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et al., however, have reported progression to total occlusion 
in 39 % of patients with >75 % stenosis at renal arteriography 
[7]. In the Dutch Renal Artery Stenosis Intervention 
Cooperative study, a randomized trial of medical therapy 
versus balloon angioplasty for the treatment of hypertension 
in RAS patients, progression to complete occlusion occurred 
in 16 % of patients treated medically [9, 10]. 


24.2 Ischemic Nephropathy 

The term ischemic nephropathy refers to the deterioration of 
renal function that is thought to occur as a result of renovas- 
cular disease and which may lead to ESRD in 14-20 % of 
affected patients [11, 12]. The nature of ischemic nephropa- 
thy is complex and multifactorial. As the main function of 
the kidney is filtration, renal blood flow is among the highest 
of all organs, and only 10 % is necessary for this organ’s 
metabolic needs [13]. Furthermore, the kidney is capable of 
autoregulating blood flow in the presence of renal artery ste- 
nosis of up to 75 % diameter reduction, and in conditions of 
impaired perfusion, oxygen delivery can be maintained by 
the development of collaterals from the adrenal and lumbar 
arteries [14]. 

Proposed pathways activated in chronic renal hypoperfu- 
sion and which can lead to parenchymal injury and intersti- 
tial fibrosis involve the complex and interrelated effects of 
angiotensin II, nitric oxide, endothelin, vasodilating and 
vasoconstrictive prostaglandins, and a variety of cytokines 
[15]. Angiotensin II maintains glomerular filtration pressure 
and GFR by constricting the efferent arterioles, but its 
effects in the kidney also include local inflammatory 
responses, cell hypertrophy, and hyperplasia, which are 
mostly mediated by AT1 receptors [15]. Other angiotensin 
II effects also include vascular smooth muscle proliferation, 
mesangial cell growth, platelet aggregation, activation of 
adhesion molecules and macrophages, induction of gene 
transcription for proto-oncogenes, and oxidation of low- 
density lipoproteins [16, 17]. 
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These and other mechanisms, such as the generation of 
free oxygen radicals, interact with each other, eventually 
resulting in renal scarring even in the absence of “true” renal 
ischemia [18]. The complexity and variability of these inter- 
actions in different individuals are another factor that makes 
predictions on the recovery of kidney function after revascu- 
larization difficult and explains why patients with impaired 
renal function before revascularization may have no signifi- 
cant increase in their GFR after percutaneous or surgical 
interventions [19, 20]. 

Since hypertension associated with RAS is mediated by 
renal parenchymal ischemia and subsequent activation of the 
renin-angiotensin-aldosterone axis, hypertension in the set- 
ting of RAS may be thought of as a form of ischemic 
nephropathy. For the remainder of the chapter, we will use 
the term ischemic nephropathy to mean either a deterioration 
of renal function in the setting of RAS or severe hyperten- 
sion in the setting of RAS, or both. 


24.3 Defining the Controversy 


The impact of RAS and resulting ischemic nephropathy on kid- 
ney function has been well described. Based on several recent 
randomized, multicenter trials that revealed limitations to the 
utility of nonselective renal artery intervention, the general 
nephrology community has recently taken a conservative 
stance on this disease state. This conservative position is largely 
a reaction to the inappropriate overutilization of what has come 
to be known as the “drive-by angiogram” by interventional spe- 
cialists. A recent report from the California Technology 
Assessment Forum (CTAF) entitled “Renal Artery Stents for 
the Treatment of Hypertension” attempts to evaluate the litera- 
ture for RAS intervention in terms of pre-defined criteria and to 
articulate a recommendation. The paper concludes: 
Renal artery stenting is widely used, although the evidence sup- 
porting its use is limited. Observational studies have shown that 
stenting can reduce blood pressure and can improve renal func- 
tion. However, in randomized trials that have compared renal 
artery stenting with medical therapy, renal artery stenting was 
not associated with an improvement in clinical outcomes, and 
there were significant associated complications. It is recom- 
mended that renal artery stenting for severe hypertension does 


not meet CTAF criteria 4 or 5 for safety, efficacy and improve- 
ment in health outcomes. 


The interaction of the atherosclerotic lesion and the puta- 
tively consequent ischemic nephropathy is complex and 
multifactorial [21]. As a result, a renal artery lesion does not 
categorically imply ischemic nephropathy (There may be 
physiologic compensation from other blood flow sources.). 
Likewise, ischemic nephropathy does not necessarily entail 
renal artery stenosis. The etiology of ischemia may be small- 
vessel disease. It is for this reason that the “drive-by angio- 
gram” is not effective and should be discouraged. 
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As the CTAF report suggests, several recent prospective, 
randomized, multicenter studies have failed to show 
improvement in outcomes related to RAS following an inter- 
vention compared to medical therapy [22]. In the Stent 
Placement in Patients With Atherosclerotic Renal Artery 
Stenosis and Impaired Renal Function (STAR) trial [23], 140 
patients with eGFR <80 ml showed no clear effect on pro- 
gression of impaired renal function after intervention but led 
to a small number of significant procedure-related complica- 
tions. Similarly, in the Angioplasty and Stenting for Renal 
Artery Lesions (ASTRAL) trial [24], the change in renal 
function over time as assessed by the mean slope of the 
reciprocal of the serum creatinine showed no evidence of a 
change in chronic kidney disease course after revasculariza- 
tion. Finally, the Dutch Renal Artery Stenosis Intervention 
Cooperative (DRASTIC) trial [8], consisting of more than 
100 patients, showed no significant advantage of angioplasty 
over medical therapy. 

There are several fundamental limitations associated with 
these clinical trials. For instance, in the ASTRAL trial, 
patients were enrolled based on physician’s discretion and 
perhaps suffered from selection bias. In this context, patients 
who were thought to benefit from angioplasty (based on their 
physician’s opinion) were excluded from the study. In the 
presence of this confounding factor, it might be difficult to 
conclusively establish the role of angioplasty or medical 
therapy in the management of RAS. An additional recognized 
drawback of clinical treatment trials is the intermixture of 
high-risk and low-risk patients into the “average” of the 
entire cohort. A possible explanation for the findings of the 
STAR, ASTRAL, and DRASTIC trials is that these studies 
included patients who had a minimal chance to improve. 
Quite simply, if you intervene on RAS that is not causing 
ischemia, then there is unlikely to be benefit from the inter- 
vention. Similarly, if there is another reason for the chronic 
kidney disease besides RAS, then fixing the RAS will not 
improve the ischemic process. An ongoing trial, CORAL 
[25], has been slow to enroll largely because of the pervasive 
belief by the referring community (general nephrologists) 
that RAS intervention is, at best, not beneficial and, at worst, 
unsafe. 

Are we, as nephrologists, justified in the belief that RAS 
intervention should no longer be offered to our patients as a 
therapeutic option? The key to the management of RAS is to 
identify patients who are most likely to benefit from inter- 
vention. Good medical practice is to then intervene only on 
those that meet the supposed intervention criteria. But how is 
this to be done? Unfortunately, prior efforts to identify pre- 
dictive factors that could differentiate between responders 
and non-responders to RAS intervention using several func- 
tional and imaging techniques have been disappointing. 
None of the previously investigated techniques could indi- 
vidually fulfill a satisfactory role as an outcome predictor. 
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Nevertheless, there are a few studies that can guide patient 
selection. Pre-intervention GFR, initial size of the treated 
kidney, vascular resistive index, and patient age have all 
been shown in separate studies to predict outcomes, although 
no single test is adequate individually [26, 27]. None of the 
studies evaluated in the CTAF report attempted to evaluate 
the potential of end-organ recovery after RAS intervention. 


24.4 Approach to Diagnosis 
and Intervention 


Rather than rejecting RAS intervention out of hand based on 
the aforementioned, flawed studies, we recommend assess- 
ing the probability of each patient with known RAS to ben- 
efit from intervention. A recent observational study by Hegde 
et al. [28] witnessed improvement in renal function in 10 % 
and stabilization in 60 % of the subjects. Estimated glomeru- 
lar filtration rate (EGFR) improved significantly in bilateral 
RAS, and eGFR improved or stabilized in 75.5-81 % of the 
subjects. The authors noted a >90 % technical success rate. 
Figure 24.1 presents a diagnostic algorithm that attempts 
to identify whether a patient, based on known epidemiologic 
and diagnostic data, is likely to benefit from intervention [29]. 
The data used in the algorithm includes the stage of CKD, 
kidney size, age, and resistive indices as a measure of small- 
vessel disease. Using this algorithm, Yevzlin et al. report 


excellent patient outcomes, though in a small set of patients. 
This selective approach to RAS leads to a rejection of the vast 
majority of all those patients that are referred for intervention 
as unlikely to benefit; only 10 % of the patients referred in the 
above report went on to receive an intervention [29]. 


24.5 Diagnostic Angiography 


Once a patient is judged to be a likely candidate to benefit 
from intervention, angiogram is scheduled. Contrast angiog- 
raphy remains the gold standard for diagnosis and the assess- 
ment of the severity of both atherosclerotic and fibrodysplastic 
RAS. The value of this diagnostic modality has been buoyed 
by the recently described association of nephrogenic sys- 
temic fibrosis (NSF) with magnetic resonance contrast 
agents, such as are required for MR angiography [30]. 
Angiography, further, allows evaluation of the abdominal 
aorta, renal arteries and branch vessels, the presence of 
accessory renal arteries, as well as cortical blood flow and 
renal dimensions. Moreover, pressure gradients across a 
renal artery stenosis can be obtained to evaluate its hemody- 
namic significance. Digital subtraction angiography (DSA) 
has become available in many institutions, and although its 
resolution is inferior to film, it permits the use of lower con- 
centrations of iodinated contrast as well as of alternative con- 
trast agents such as CO, [31]. 
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Typically, an abdominal aortogram is performed prior to 
selective catheterization of the renal artery, usually position- 
ing a pigtail catheter at the lower edge of the first lumbar 
vertebra and power injecting 15—20 ml of dye at 20 ml/s. The 
abdominal aortogram will provide information regarding the 
aorta itself, the position of the renal arteries, and the pres- 
ence of accessory arteries as well as of aortic or renal artery 
calcification. In most instances, the aortogram provides ade- 
quate visualization of the renal arteries, but if optimal imag- 
ing or pressure gradient measurement are needed, selective 
catheterization becomes necessary. This can be achieved 
with a variety of different 4-6 F diagnostic catheters. 
Whatever catheter shape is used, the goal is to achieve selec- 
tive cannulation of the renal artery without excessive cathe- 
ter manipulation, especially when evaluating atherosclerotic 
RAS, as aortic atheromas are often adjacent or contiguous to 
the renal artery lesion and distal embolization can occur. In 
visualizing the renal arteries, it is important to recognize that 
they originate posteriorly from the aorta; therefore, it may be 
necessary to obtain ipsilateral oblique projections (15—30°) 
to optimally outline the ostium and the proximal segments of 
the vessels. Furthermore, angiography should be performed 
long enough to image the renal cortex and assess renal size 
and perfusion [32]. 


24.6 Intervention 

Percutaneous therapy for renovascular disease has largely 
supplanted surgery; it is associated with a lower incidence of 
adverse events, equivalent outcome in terms of hypertension 
control, and lower cost compared to surgery [33-35]. The 
first description of balloon angioplasty for renovascular dis- 
ease was provided by Gruntzig et al. in 1978 [36]. Balloon 
angioplasty remains the treatment of choice in patients with 
uncontrolled hypertension and renovascular disease second- 
ary to fibromuscular dysplasia [37]. 

Stenting has largely supplanted balloon angioplasty in the 
catheter-based treatment of renovascular disease. A random- 
ized trial of stenting versus balloon angioplasty in 84 patients 
with ostial renovascular disease demonstrated improved pro- 
cedural success and patency rates with stenting; however, 
there were no significant differences in HTN control or 
improvement in renal function [38]. Two meta-analyses have 
analyzed the success and durability of renal artery stenting 
[39]. Initial angiographic success rates were significantly 
improved compared to balloon angioplasty at 96-100 % with 
no significant difference in complication rates. The ability of 
renal artery stenting to improve blood pressure control and 
renal function has been studied in multiple series. A meta- 
analysis demonstrated an overall HTN cure rate of 20 % and 
improved HTN control in 49 % and improvement in renal 
function in 30 % with stabilization of renal function in 38 % 
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of patients [40]. With similar complication rates and 
improved initial and long-term angiographic success, it is 
safe to say that renal artery stenting is the percutaneous treat- 
ment of choice in patients with renal artery stenosis. 

Although not necessarily true in the past, modern proce- 
dural techniques for percutaneous renal intervention utilize 
much the same equipment as coronary interventions. The 
choice of guide catheter is determined by the angle with 
which the renal artery arises off the aorta. Most commonly, 
retrograde access via the femoral artery is used. A very sharp 
caudal angle of origin of the renal artery may, however, 
require an antegrade approach using the radial or brachial 
arteries to achieve optimal guide-catheter engagement. 
Interventions are usually performed using a 6- or 7-French 
system with commonly used guide catheters with shapes 
such as the Judkins-Right series, the “renal standard curve,” 
“renal double curve,” and “hockey stick.” Engagement of the 
guide catheter can be performed directly or using a telescop- 
ing technique. 

High-grade ostial lesions with concomitant aortic plaque 
can increase the risk for atheroembolism. The recently pro- 
posed “no-touch” technique attempts to minimize trauma to 
the vessel ostium, at least theoretically lessening the risk of 
atheroembolism to the renal parenchyma [41]. With this 
technique, a 0.035-in. “J-tip” guidewire is advanced just past 
the guide-catheter tip, to lean against the abdominal aorta 
above the renal artery, thus keeping the catheter away from 
the aortic wall. Once the guide catheter is directed toward the 
ostium of the renal artery, visualization of the renal artery is 


Fig. 24.2 Catheter-directed renal angiogram revealing severe left 
ostial renal artery lesion 
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Fig. 24.3 Angioplasty balloon-expandable stent deployment in ostial 
left renal artery lesion 


Fig. 24.4 Post-intervention directed renal angiogram revealing no 
residual stenosis 


obtained by subselective injection of contrast (Fig. 24.2); a 
0.014-in. guidewire is navigated past the target lesion into the 
distal renal vessel. The 0.035-in. guidewire is then withdrawn 
from the catheter, allowing it to gently slide into or adjacent 
to the ostium of the renal artery over the 0.014-in. wire. 
Predilatation of the target lesion is especially recommended 
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in aorto-ostial atherosclerotic lesions and is typically per- 
formed with a balloon approximately 1 mm less than the 
measured diameter of the vessel. 

The two balloon-expandable stents specifically approved 
by the FDA for use in failed renal angioplasty are the 
Palmaz stent (Cordis Corp., Miami Lakes, FL) and the 
Double Strut stent (Medtronic Corp., Santa Rosa, CA), but 
the most frequently used stents have been approved for bili- 
ary tree interventions (Fig. 24.3). In ostial lesions, after the 
stent is deployed, its proximal portion can be “flared” with 
a slightly oversized balloon protruding into the aorta. Stent 
placement should be confirmed with post-intervention 
angiography (Fig. 24.4). Careful attention to contrast dye 
load is required, especially in patients at high risk for con- 
trast nephropathy. As mentioned above, CO, can be used as 
alternative contrast agents at least during some parts of the 
intervention. 

Adjuvant pharmacology before and after renal artery per- 
cutaneous intervention has not been systematically studied. 
Heparin to maintain an ACT of 250-300 s is frequently used 
as the anticoagulant of choice during interventional proce- 
dures; most interventionists are quite familiar with its use, 
and it can be easily reversed with protamine. Patients are 
usually pretreated with aspirin, which is continued indefi- 
nitely. The use of clopidogrel seems theoretically necessary 
following percutaneous intervention; however, there are no 
controlled studies exploring its use in the renal artery. Other 
possible intra-procedural anticoagulants, such as glycopro- 
tein 2B3A receptor antagonists and direct thrombin inhibi- 
tors such as bivalirudin, have not been formally studied in 
renal interventions. 


Conclusion 

There remains a great variability in response in blood 
pressure control and/or kidney function with percutane- 
ous RAS intervention. Patient selection to determine 
those who will benefit the most from renal revasculariza- 
tion is the key to correct management of this complex 
disease state. 
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25.1 Introduction 

Vascular ruptures encountered during vascular access inter- 
ventions are potentially fatal adverse events. Vascular com- 
plications account for 70-75 % of all such procedure-related 
complications. A majority of these ruptures can be handled 
effectively by the performing interventionalist in the inter- 
ventional suite. Appropriately managed perforations and 
ruptures can avoid escalating further morbidity and 
mortality. 

Vascular ruptures are most often due to cannulation tech- 
nique and direct endothelium compromise from foreign 
device placements such as guidewire passage or coil perfora- 
tion through the vessel wall. Other causes can be angioplasty 
related or even from forceful vessel manipulation or forceful 
contrast injection in an otherwise weakened vessel. Proper 
patient selection including a thorough history and physical 
examination as well as advanced anatomical and pathophysi- 
ological knowledge are vital to prevent and treat vascular 
ruptures. Patient outcomes after rupture are time dependent 
and need to be managed urgently. 

Management techniques include conventional manual 
compression, endovascular methods utilizing balloon tam- 
ponade, stent placement, and open surgical methods. Skilled 
performance of endovascular techniques as well as establish- 
ing proper procedures and protocols for higher level of care 
management are vital for quality of care purposes. The avail- 
ability of technologically advanced equipment, high-quality 
imaging and medical devices, as well as a well-trained inter- 
disciplinary team help ensure technical success. 
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25.2 Historical Perspective 


The first reported vascular rupture management techniques 
were described open surgical methods on trauma patients. 
Open repair techniques such as direct vessel repair, patch 
placement, interposition graft, and stent revisions were some 
of the management strategies. Vessel ligation and the use of 
vascular clamps when indicated were effective. 

However, it was also noted that the emergent surgical 
exposure of certain injuries including axillo-subclavian inju- 
ries could cause potential iatrogenic injury to surrounding 
neurovascular structures, blood loss, and prolonged opera- 
tive times. In the presence of significant hemorrhage, expo- 
sures including paraclavicular approach, or clavicle 
resection, could compromise the brachial plexus and other 
proximity nerves as well as damage other structures includ- 
ing the thoracic duct or the underlying pleura. Remote access 
to these injuries with endovascular techniques can help 
decrease the morbidity associated with open surgical expo- 
sure. In fact, current trauma clinical management combines 
an endovascular approach with traditional open surgical 
techniques [1-5]. 

Endovascular historical experiences for rupture manage- 
ment come from interventional procedures related to cardi- 
ology, peripheral vascular disease, and interventional 
neurology. Early vascular rupture encountered during car- 
diac catheterization and peripheral vascular interventions 
most often deals with direct arterial vessel wall rupture. 
Much literature is also available in arterial models both in 
vivo and in vitro. Adequate volume replacement, appropri- 
ate use of anticoagulation, and an interdisciplinary team 
approach are some of the outcome findings. Some of the 
conclusions from these arterial studies are applicable for 
hemodialysis arteriovenous access vascular rupture man- 
agement. In addition, arterial rupture models describing 
hemostasis, flow dynamics, vessel remodeling, as well as 
the clinical viability of the procedure [6] are similarly 
encountered amongst the various endovascular procedure 
disciplines. 
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Table 25.1 Types of complications: ASDIN classification [7] 


Type I Access site hematoma 

Type H Vascular rupture 

Type HI Arterial complications 

Type IV Stent-related complications 

Type V Catheter insertion complications 
Type VI Adverse reactions to medications 
Type VII Oxygen saturation and apnea 
Type VII Hypotension/hypertension 

Type IX Cardiac arrhythmia 

Type X General clinical status 


In hemodialysis vascular access procedures, many 
times the cannulation site as well as the target vessel to be 
intervened upon is of venous origin. Although arterial rup- 
tures can also be encountered, the biophysical profiles of 
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of Nicholas Hanna and Brian T. Moy) 


the artery, juxta-anastomotic region, as well as venous out- 
flow and central veins need to be separately considered for 
optimal clinical management (Fig. 25.la—c). For example, 
the histological stenotic lesion which is targeted for inter- 
vention differs in the type of vessel being intervened upon. 
Arterial stenotic lesions may be due to atheromatous 
plaque rupture. Vulnerable sites for such arterial rupture 
include plaque dissection in those areas where there is a 
transition from atheromatous plaque to normal vessel and 
the transition between calcified and noncalcified areas. 
However, the hemodialysis access stenotic lesion may be 
due to neointimal hyperplasia commonly seen in the 
venous juxta-anastomotic region as well as in the venous 
outflow vessels (Fig. 25.1d). The types of complications 
encountered as well as the classification of grades of vas- 
cular rupture and their clinical management are described 
in regard to hemodialysis access interventions (Tables 25.1 
and 25.2) [7-9]. 
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Table 25.2 Grades of vascular rupture requiring therapy [7] 


Grade 1 Nominal therapy 
Localized extravasation 


Stable hematoma—no alteration in blood flow through 
vascular access 
Grade 2. Minimal therapy 
Hemorrhage controlled by balloon tamponade 
Hemorrhage controlled by stent/graft insertion 
Hematoma causing reduction in blood flow 
Grade 3. Major therapy 


Persistent hemorrhage requiring surgery, blood 
transfusion 


Unstable expanding hematoma 

Thrombosis of vascular access (spontaneous or 
intentional) 

Hospitalization for continued observation or therapy 


Grade 4 Permanent impairment—loss of limb/function >30 days 


25.3 Epidemiology 


Currently, there are over 600,000 end-stage renal disease 
patients in the USA with the majority undergoing renal 
replacement therapy by hemodialysis [10]. On average, these 
patients require multiple access-related interventions per 
year. In general, 70-75 % of all intervention-related compli- 

cations are due to vascular perforation and rupture [11, 12]. 

Many of these complications are type I of insignificant clini- 

cal correlation. However, there can be associated morbidity 

and mortality with higher stage (types II and II) vascular 
rupture reported around 1—14 % in interventional procedures 

[13]. Arterial or venous rupture can occur at the site of inter- 

vention or anywhere along the path back to the access site. 

Type I rupture includes micro-perforations of vascular endo- 
thelium without clinical sequelae and does not require 
clinical intervention. 

Type II rupture includes those micro- and macro-perforations 
with evident clinical compromise as well as partial rup- 
ture of the vessel requiring clinical intervention including 
endovascular techniques. 

Type II rupture includes those partially or completely rup- 
tured vessels requiring advanced clinical interventions 
which are not otherwise controlled by endovascular tech- 
niques and require higher levels of care and even open 
surgical management/ligation. 

With interventional procedures more often being per- 
formed in the elective outpatient setting, rapid recognition 
and management of vascular rupture is needed. End-stage 
renal disease patients traditionally have high rates of cardiac 
morbidity. Coronary artery disease continues to be the lead- 
ing cause of death in end-stage renal disease patients [10]. 
Disorders of calcium and phosphate metabolism encoun- 
tered in advanced renal disease as well as uremia are known 
cardiovascular risk factors for coronary artery disease and 
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vascular pathology. Calcium deposition in vasculature is 
often visible during ultrasound and radiography imaging. 
Ideally, initial cannulation should be attempted at a readily 
accessible site with a superficial vessel location whenever 
possible. Patients in whom access thrill and peripheral pulses 
are difficult to determine, real-time ultrasound guidance of 
the vessel to be punctured may be beneficial to avoid perfo- 
rations and rupture. 

Moreover, hemorrhagic complications may be propagated 
from preexisting medical conditions. Many dialysis patients 
are already anticoagulated with heparin, Coumadin, and 
other antiplatelet therapy or are given thrombolytic medica- 
tions. These medications can increase the incidence of bleed- 
ing from intervention-associated vascular ruptures. Cardiac 
and anesthesia risk stratification as well as sound history and 
physical including comorbid conditions should be consid- 
ered. Such conditions may be seen in diabetics, elderly, 
obese patients, and other subgroups in which access place- 
ment may be initially difficult. These patients may then 
require repeat interventions and potentially associated vas- 
cular perforations and rupture. Additionally genetics, race, 
and/or sex may be contributing factors to a friable vascular 
anatomy [14]. 


25.4 Pathophysiology 


Vascular interventions require the identification of suitable 
patients to undergo intervention for a treatable pathology 
such as stenotic lesions and flow compromising collateral 
vessels. A successful vascular procedure entails the manage- 
ment of a particular pathology (stenosis, collateral vessels) 
and then the achievement of hemostasis afterwards. The 
coagulation cascade plays a vital role in achieving hemosta- 
sis (Fig. 25.2a). Likewise, on occasion need for thrombolysis 
may be encountered when treating embolus and thrombosis 
(Fig. 25.2b). Patient outcomes after vascular injury are time 
dependent, and a continued sense of urgency is required in 
such management. 

A thorough understanding of anatomy and histology of 
vessels is important. The histological and biophysical prop- 
erties of arteries vary from those found at the arterial inflow 
versus the surgically created juxta-anastomotic region. 
Likewise, the biophysical profile of surgically manipulated 
venous segments found at the juxta-anastomotic region may 
differ from that found in the native outflow vein and from 
those veins eventually draining into the large central veins. 
Potentially the calcified vessels and uremic inflammatory 
milieu in end-stage renal disease patients may predispose 
these patients to vascular perforations and ruptures [15]. 

In general, the caliber of flow directly relates to the poten- 
tial for serious consequences from vascular rupture. Upper 
arm accesses tend to have higher blood flows than forearm 


188 


Fibrinolytic pathway 


—> Fragment X, Y, 
E,&D 


Fibrinogen 


Pi soluble fibrin 
(+) 
N ~— (Factor Villa) 


Crosslinked 
fibrin 


(tPA, Urokinase) 
(+)¥ 


—-» X Oligomer 
D-dimer 


b Hemostasis pathway 
Antithrombin III: 
(Unfractionated heparin, 
LMWH, fondaparinux, 
rivaroxaban) 


x 


Thrombin (IIA) XIIIa 


E. 


Fibrinogen (I) — Fibrin— Cross-linked fibrin 


Direct thrombin inhibitors (bivalirudin, 
lepirudin, argatroban, dabigatraban) 


Prothrombin (Il) 


Fig. 25.2 (a) Fibrinolytic Pathway. (b) Hemostasis Pathway (Images 
courtesy of Brian T. Moy and Nicholas Hanna) 


accesses. Therefore, brachial artery ruptures have a potential 
for greater exsanguination than would a rupture of the distal 
radial or ulnar arteries. It has also been reported that the loca- 
tion of venous access predisposes to rupture with cephalic 
arch and transposed upper arm access being more commonly 
ruptured than forearm arteriovenous access [16]. Also, the 
incidence of complications is greater during recanalization 
of total occlusions, compared with the treatment of nonoc- 
clusive lesions [17]. 

When a vascular rupture occurs during intervention, the 
vascular injury inflammatory cascade and modified response 
to injury can determine the severity of such complication. 
Hemorrhage and vascular injury can cause end-organ isch- 
emia of the vascular bed fed by the injured vessel. Factors to 
consider include complete versus incomplete disruption, the 
adequacy of collateral blood flow, and the underlying meta- 
bolic state. Also, the sensitivity of the end organ to ischemia 
and the time required to repair the injury will affect tissue 
viability. Tissue ischemia causes anoxic cell death. 
Restoration of oxygen-rich blood flow after ischemic injury 
can produce a reperfusion injury mediated by free radicals 
and pro-inflammatory mediators. This can further damage 
the microvasculature and result in increased permeability 
and edema formation. This in turn can ultimately lead to 
worsening ischemia, microvascular stasis, and cell lysis. 
The resultant tissue destruction from this vicious cycle may 
be fatal. 

Arteries have an inherent vasospastic tendency with a 
large amount of smooth muscle in the intima media. Common 
vascular rupture etiologies include angioplasty related and 
guidewire related. Angioplasty with or without cutting bal- 
loons may rupture atherosclerotic plaques and can even ren- 
der the host vessel weakened. Guidewire manipulation may 
also cause direct endothelial damage or even subintimal pen- 
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etration leading to vascular perforation or vascular rupture. 
Imaging catheters and sheaths may inadvertently be advanced 
over subintimal cannulations further complicating the vascu- 
lar rupture. 

The juxta-anastomotic region in hemodialysis vascular 
access creation encompasses the 2 cm proximal arterial 
inflow, the arteriovenous anastomosis, as well as the 2 cm 
distal venous outflow region. This site may also be prone to 
vascular rupture when interventions with high-pressure 
angioplasty inflations are needed for stenosis from neointi- 
mal hyperplasia or can be directly damaged from vessel 
trauma during surgical technique, guidewire manipulations, 
forceful retrograde contrast injection, or large-bore cannula- 
tions often required for upper am and central vein angio- 
plasty or coil/stent placement. 

The treatment of neointimal hyperplasia often requires 
high pressures to inflate the angioplasty balloon completely. 
These high inflation pressures may directly cause a tear or 
perforation in the vascular wall. On occasion, vascular rup- 
tures may also result indirectly from bursting of the angio- 
plasty balloon during high pressure dilatations [13]. 

Percutaneous transluminal angioplasty increases the 
lumen size by barotrauma with cracking, splitting, and endo- 
thelial denudation of stenotic lesions and also affecting the 
adjacent vessel layers (Fig. 25.1). These alterations in mor- 
phology dilate the vessel lumen for blood flow with increased 
caliber size and flows for hemodialysis. However, the acute 
traumatic angioplasty process of endothelial and vascular 
dilation may leave the vessel weakened and damaged with 
evident perforations or ruptures [11-14]. 


25.5 Differential Diagnosis 


Symptoms of vascular rupture may present with the “Ps” 
pulselessness, pain, pallor, paralysis, poikilothermia, and 
paresthesia. Other diagnostic signs include an expanding 
hematoma felt on physical exam, palpable thrill, audible 
bruit, or bruising near the ruptured vessel site. Further 
workup should be documented when clinical signs suggest a 
suspected rupture. In such circumstances, contrast extravasa- 
tion seen on imaging studies or Doppler evidence of active 
hematoma formation or distal lack of perfusion may be evi- 
dent (Fig. 25.3). Pseudoaneurysm formation and changes in 
sizing can also be diagnostic signifying vascular rupture and 
compromised vessel integrity. Peripheral pulses should be 
compared from one side versus the other. However, rupture 
may still be suspected because distal pulses can be intact in 
some cases of proximal vascular injury [14]. 

In addition to exsanguination and ischemia, the surround- 
ing structures may be compromised from a rapidly expand- 
ing enclosed space hematoma formation. Compartment 
syndrome and nerve impingement are potentially serious 
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Fig. 25.3 (a) Contrast extravasation from rupture site. (b) Balloon tamponade at rupture site 


adverse outcomes which need to be managed appropriately. 
Compartment syndrome does not preclude endovascular 
techniques, but the fact that surgical exposure is necessary 
diminishes the potential advantages of endovascular man- 
agement [18]. 

The skilled interventionalist should consider the com- 
monly encountered causes include the cannulation tech- 
nique, guidewire vessel perforation, angioplasty-associated 
vessel perforation, intra-procedural use of anticoagulant/ 
thrombolytic therapy, and large-bore cannulation sheaths 
with inability to achieve hemostasis post-procedure [19]. 
Forceful post-angioplasty angiograms have been reported to 
potentially cause vascular perforation and rupture in other- 
wise weakened vessel segments [20]. Exposure to high blood 
flows and pressures may promote vascular rupture after a 
planned angioplasty intervention for otherwise diseased fri- 
able stenotic vascular segments [21]. Successful manage- 
ment by the performing interventionalist using manual and 
endovascular techniques can successfully tackle a great 
majority of such vascular rupture complications. 


25.6 Clinical Management 


Most vascular ruptures encountered during intervention can 
routinely be managed by the performing interventionalist. 
Proper patient selection including a thorough history and physi- 
cal examination as well as advanced anatomical and pathophys- 
iological knowledge are vital to prevent and treat vascular 
rupture. Cardiac risk stratification should be determined and 


considered prior to attempting vascular procedures and also 
when attempting management of clinically significant vascular 
ruptures. Stratification of patients may also help determine 
which treatment algorithm to pursue (Fig. 25.4). 

For instance, at times coil embolization and/or proximal ves- 
sel balloon dilation may be preferred to thrombose/ligate those 
ruptured accesses deemed otherwise unsalvageable. In such 
cases, advanced management techniques to salvage an access 
may not be required [22] and rapid ligation can be pursued. 

The skill of the interventionalist is paramount to prevent vas- 
cular ruptures. Good tactile perception as well as using high- 
quality medical devices and imaging equipment are required. 
Newer hydrophilic atraumatic guidewires, imaging catheters, 
micro-introducer sets as well as introducer sheaths should be 
used. Appropriate catheters and guidewires should be used with 
preformed angles and shapes to aid in gentle manipulation to the 
desired target vessels. Proper imaging allows the physician to 
better perform the procedure and can also help identify compli- 
cations should they occur. Proper radiographic attenuation uti- 
lizing appropriate power, field of vision, as well as digital 
subtraction angiography and road mapping features may help 
improve diagnostic and therapeutic interventions [16]. 

Care should be taken to avoid forceful manipulations of 
medical devices and also avoid the forceful manipulation of 
vessels including the surgically created juxta-anastomotic 
region during interventions. When cannulating an access, 
good pulsatile blood return and careful guidewire advance- 
ment are some methods of rupture prevention. 

Treatment algorithms include determining the site and 
severity of rupture (Fig. 25.4). 
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Fig. 25.4 Clinical management flow chart for intervention-related vascular rupture 


Type I perforations and ruptures of no clinical signifi- 
cance can be observed or require minimal therapy. Type II 
ruptures including partial tears of vessels can be managed by 
manual compression, endovascular techniques, and open 
surgical methods. Type III ruptures include complicated par- 
tial tears as well as complete tears; may not be amenable to 
endovascular therapy and may require open surgical repair. 
The complicated type II vascular rupture patients along with 
type III patients should be quickly identified, and higher 
level of care as well as surgical support protocols should be 
activated when appropriate. 


25.6.1 Manual Therapy 


Manual therapy includes direct manual compression over 
the rupture site. Use of special dressing materials or pres- 
sure dressings may be beneficial adjuvant therapy. Warm 


compresses as well as dressing using Xeroderm, Vaseline, 
and other procoagulant therapies over rupture site have been 
reported as good synergistic therapy along with manual 
compression. Procoagulant therapy including bandages and 
sure seal band aids along with manual control of the arte- 
rial inflow can also help limit the amount of blood loss and 
avoid higher pressures within the access. In addition, manual 
compression directly above the rupture with or without arte- 
rial inflow control may help facilitate rapid resolution of the 
vascular rupture in type I and some type II perforations. 
Additional management with tourniquets or manual com- 
pression strategically placed to control the inflow to the arte- 
riovenous access may help facilitate a more rapid hemostasis. 
Inflow control theoretically serves two purposes including 
limiting the amount of blood loss as well as controlling the 
high flow pressures in the vascular access to promote platelet 
plug formation and hemostasis. Other manual techniques to 
consider are utilizing a figure of eight or purse string suture 
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to help in closure of large-bore cannulations. Additionally, 
closure devices can be used for similar purposes. Although 
not commonly utilized in vascular access procedures, 
anecdotal data from cardiac and peripheral arterial disease 
management studies is available on closure devices. These 
devices may be suture mediated or may involve placement of 
topical hemostatic devices at the arterial puncture site. Time 
and cost of the procedure are additional variables that may be 
considered when routinely selecting closure devices [7, 8, 
11-13]. 


25.6.2 Endovascular Management 


Endovascular management includes balloon tamponade or 
stent deployment. The key principle in endovascular man- 
agement is maintaining guidewire placement across the rup- 
tured vessel (Fig. 25.3a). If guidewire placement is lost, 
attempted balloon tamponade or stent deployment may 
potentially enlarge the vascular rupture site or even cause a 
complete tear to the otherwise compromised vessel. Proper 
Seldinger technique can maintain guidewire placement 
across the vascular rupture site. 

Balloon-assisted tamponade theoretically helps control 
rupture by decreasing blood loss as well as by promoting 
hemostasis. The angioplasty balloon when inflated will pre- 
vent high access pressures and high blood flows in proxim- 
ity to the rupture site. In addition, the inflated angioplasty 
balloon provides over the guidewire structural integrity to 
the vessel and lumen [20]. The balloon can also help with 
direct apposition of the vessel wall and rupture site espe- 
cially with subintimal dissections, flap dissections, and 
other perforations. Hemostasis with platelet plug creation 
can then ensue to control the rupture and commence vascu- 
lar remodeling. 

In general, sizing of venous angioplasty balloons tends to 
be same or 1 mm larger than the measured venous diameter 
of the vessel (Fig. 25.3a, b). This type of sizing is commonly 
employed when performing interventions in the venous 
juxta-anastomosis as well as venous outflow stenotic lesions. 
In the arterial segment and the arterial juxta-anastomotic 
region, sizing of angioplasty balloons should generally be 
same size or | mm undersized balloons. When managing 
ruptures with balloon expansion, low-pressure inflations 
approximating the operating pressure of the balloon may 
facilitate balloon-assisted tamponade. Prolonged inflation 
times along with manual compression of the inflow vessel 
may be required in order to achieve effective hemostasis 
[11, 12]. 

When an expanding hematoma or contrast extravasation 
is not completely managed by balloon tamponade, stent 
deployment can be attempted. Granted stent deployment 
may require a larger introducer sheath and thus potential for 
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an additional vascular rupture site, risk versus benefit must 
always be considered. Stents deployed for rupture manage- 
ment are generally of two types: bare metal and covered. 
When collateral vessels are present, bare metal stents may be 
preferable to covered stents to avoid jailing those vessels. 
Covered stents are also effective in the treatment of vascular 
rupture. Stents can help maintain vessel patency for contin- 
ued use of the dialysis access. 

Stent sizing generally follows that of balloon sizing with 
same size or slightly enlarged sizing used in the venous out- 
flow and juxta-anastomotic venous segments and same size 
or slightly smaller stent sizing used in the arterial inflow and 
juxta-anastomotic arterial segments. Stents may require bal- 
loon expansion for deployment. Stent deployment in a region 
of mobility may preclude this option for other alternative 
management techniques [7, 8, 11-13, 18, 23-25]. 


25.6.3 Open Surgical Techniques 


When an expanding hematoma does not resolve with endo- 
vascular techniques and manual compression, higher levels 
of care as well as open surgical techniques should be initi- 
ated. Protocols and procedures should already be in place to 
facilitate transfer of the patient to a higher level of care in a 
monitored setting with the active assistance of surgical 
backup available. Proper agreements between transferring 
and receiving institutions and physicians should be estab- 
lished. Placement of large-bore IVs with volume repletion 
and or blood products may be required. Appropriate labora- 
tory tests should be ordered. Tourniquet placement and or 
manual compression at the rupture site and inflow may pre- 
vent large volume blood loss while in transit. Anticoagulation 
therapy especially in arterial rupture should be evaluated and 
implemented when appropriate. 

An interdisciplinary team may be required to control 
morbidity and mortality in unresolved ruptures and type III 
ruptures. Location of the rupture should also be stratified. 
Rapid control of hemorrhage, rapid restoration of blood 
flow to an ischemic vascular bed, and prevention of further 
injury such as extremity compartment syndrome are the 
goals of therapy. Those vascular ruptures occurring within 
the chest bony cavity may lead to hemothorax. This may be 
seen during central catheter placements or central stenosis 
endovascular management. In such case, drainage with a 
chest tube may be required especially when continuous 
hemorrhage of over 1,500 ml is present or when continuous 
hemorrhage occurs of over 200 ml for more than 3 h [26]. 
Although rare, vascular rupture during central catheter 
placement can lead to cardiac tamponade with the tradi- 
tional Beck’s triad of hypotension, distended neck and muf- 
fled heart sounds. Knowledge of anatomical venous 
segments including superficial versus deep versus 
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perforating veins can help determine appropriate therapy. 
In regard to the extremity, vascular rupture control with pri- 
mary amputation protocol scoring may need to be assessed 
in order for limb salvage. 

Specific open surgical techniques include direct vessel 
repair utilizing suturing, patch placement, and stent and/or 
graft placement. Indeed open surgical procedure may utilize 
balloon tamponade therapy and coil embolization or ligature 
placement to control the inflow and pressure flows to the dis- 
eased ruptured segment. Secondary AV fistula or graft cre- 
ation may also be a viable option at time of rupture repair. 
Communication between the nephrologist, performing inter- 
ventionalist as well as vascular surgeon can help guide 
choice of therapy and determine which accesses to abandon 
and ligate and which to promote advanced therapies in hope 
of access salvage ability. 

Surgical repairs of vascular injury are generally determined 
by the damaged vessel circumference percent and defect size. 
For instance, direct lateral repair might be attempted when the 
vessel circumference is compromised less than 25 %, and patch 
angioplasty can be used when less than 50 %. Primary end-to- 
end anastomosis might be achievable when less than 2 cm 
defects are present with favorable mobilizing ends that spatu- 
late. When defects are greater than 2 cm, interposition grafts 
with reversed vein polytetrafluoroethylene are most commonly 
done. In cases where there is extensive defect, an extra-ana- 
tomic bypass repair is possible. In otherwise uncontrolled rup- 
ture, suture ligation with consideration for distal embolectomy, 
anticoagulation, and even prophylactic fasciotomy to prevent 
compartment syndrome might be indicated [1]. 

When the access is determined to be unsalvageable or if 
the vascular rupture is not otherwise controllable with other 
measures, access ligation may be necessary. Balloon occlu- 
sive therapy, manual obstructive therapy, or suture ligations 
are common techniques used for access ligation. 

In such techniques, a proximal area is identified, and 
sutures can be placed to interrupt flow through the ruptured 
vascular segment. These situations are not uncommon in 
patients with recoiling central stenosis and advanced periph- 
eral vascular disease. Care should be taken to preserve 
perfusion to collateral vessels supplying the distal segment 
to prevent extending ischemia. Distal extremity Doppler 
flow and assessment for pulse, pallor, pain, and paresthesia 
can be observed prior to tying off or ligating the desired vas- 
cular segment. 

An interdisciplinary approach is of utmost importance in 
the management of the unstable vascular rupture to prevent 
further morbidity and mortality. Good follow-up manage- 
ment includes evaluating for post-procedure pulse, pallor, 
paresthesia, and pain. Patients should be monitored for 
hemodynamic instability and followed up periodically for 
hemodynamically significant blood losses [1, 4, 5]. 


R. Dhamija 


25.7 Outcomes 


Successful management of type I and type II ruptures by the 
interventionalist is reported in the literature above 90 % [11, 
12, 27]. The complicated rupture cases encountered during 
interventional procedures need to be avoided and properly 
managed when encountered. The incidence of access site 
complications varies from 1 to 10 %. Clinically evident 
hematoma occurs in 2-8 % of patients with previously 
reported rates of incidence range from 0.7 to 4.5 %. 
Historically, the Standards of Practice Committee of the 
Society of Cardiovascular and Interventional Radiology 
(SCVIR), in their Quality Improvement Guidelines for 
Percutaneous Management of the Thrombosed or 
Dysfunctional Dialysis Access, recommends a threshold 
rate of 0.5 % for major complications associated with vascu- 
lar rupture or perforation. Additionally, the SCVIR Quality 
Improvement Guidelines suggest threshold rates of 0.5 % 
for major bleeding, venous rupture, acute respiratory arrest, 
and death and a threshold of 2 % for arterial emboli [8, 12, 
13, 27-31]. 

In another reported series, venous perforation or rupture 
occurred during or after the percutaneous treatment of 
thrombosed or failing hemodialysis accesses in 11 of 1,242 
procedures (0.9 %) [24]. Benchmarking and quality care 
indicators should be promoted across all disciplines to 
improve the quality of care and promote the practice meth- 
ods of highly skilled physicians utilizing proper facilities 
and technologies. 

The American Society of Diagnostic Interventional 
Nephrology (ASDIN) has recently initiated data collection 
for benchmarking studies (www.ASDIN.org) to promote 
quality of care improvements. 


25.7.1 Newer Gene and Pharmaceutical 
Management 


Gene therapy has the potential to reduce neointimal hyper- 
plasia and also reduce restenosis by targeting the proliferat- 
ing cells thereby hopefully reducing the number of 
interventions needed and failed access maturations. The cells 
found in vessels with neointimal hyperplasia lesions have 
been genetically traced to originate from the juxta- 
anastomotic venous vasculature as opposed to arterial or 
even bone marrow stem cell origination [32]. Pharmaceutical 
agents including anticoagulant and antiplatelet medications 
including argatroban and lepirudin and cilostazol as well as 
thrombolytic therapies will help direct and advance manage- 
ment and research in the field of vascular biology to help 
improve management options for intervention-related vascu- 
lar rupture [6, 16, 33]. 
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Conclusion 

Vascular rupture encountered during vascular access 
intervention is a potentially serious adverse event which 
needs to be managed appropriately to avoid escalating 
morbidity and mortality. A majority of vascular ruptures 
encountered during interventions can be handled effec- 
tively by the performing interventionalist. 

Proper patient selection including a thorough history and 
physical examination as well as advanced anatomical and 
pathophysiological knowledge are vital to prevent and treat 
vascular rupture. Management techniques include conven- 
tional manual compression, endovascular methods includ- 
ing balloon tamponade, stent placement, and open surgical 
techniques. Skilled performance of endovascular techniques 
as well as establishing proper procedures and protocols for 
higher level of care assistance when appropriate are vital. 
The availability of technologically advanced equipment 
with high-quality medical devices as well as a well-trained 
interdisciplinary team can help ensure technical success. 
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26.1 Introduction 

When an arteriovenous shunt, either a fistula (AVF) or a syn- 
thetic graft (AVG) is used and maintained as a dialysis access, 
recurrent bouts of pulmonary embolism (PE) are possible. 
These emboli range from those that are small and cause no 
recognizable immediate effect to those that can have fatal con- 
sequences. It is also possible for a pulmonary embolus to occur 
with a dialysis catheter removal. Although this probably occurs 
quite frequently, it is difficult to document, and there have been 
no studies reporting the incidence. However, one may occa- 
sional encounter a catheter patient in whom symptoms occur 
which are suggestive. A massive embolus is unlikely. 


26.2 Pulmonary Protective Features 


The lungs have two features that allow them to be somewhat 
resistant to the deleterious effects of a PE: the presence of a 
double circulation and the existence of a vigorous fibrino- 
lytic system. 


26.2.1 Double Circulation 


Two separate vascular networks support the lung parenchyma. 
The primary pulmonary circulation flows forward from the 
main pulmonary artery, passes throughout the pulmonary 
interstitium and airways, and reconstitutes itself into pulmo- 
nary veins before entering the left atrium. The bronchial circu- 
lation, the second system, draws approximately 1 % of the 
systemic cardiac output and transmits blood at six times the 
pressure of the pulmonary circulatory system. The bronchial 
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arteries (Fig. 26.1) supply blood to the bronchi and connective 
tissue of the lungs. They travel and branch with the bronchi, 
ending at about the level of the respiratory bronchioles [1-3]. 
These vessels anastomose with branches of the pulmonary 
arteries, and together, they supply the visceral pleura of the 
lung. Much of the blood supplied by the bronchial arteries is 
returned via the pulmonary veins rather than the bronchial 
veins via several microvascular interconnections [1]. 

The bronchial circulation responds to decreased pulmo- 
nary flow and ischemia with enlargement, hypertrophy, and 
focal proliferation across mesh-like anastomotic channels 
[1, 4]. This serves to protect the viability of lung parenchyma 
in the case of an embolus. Bronchial blood flow has been 
shown to increase by as much as 300 % in the weeks follow- 
ing pulmonary artery embolization [5]. 


Fig. 26.1 Bronchial artery. (A) Intercostobrachial artery. (B) Right 
bronchial artery 
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Despite the protective effect of the bronchial circula- 
tion, pulmonary infarction can occur. It is least likely to 
develop in cases of central pulmonary arterial occlusion, 
in which massive bronchial collateral flow is easily 
accommodated by the pulmonary arterial circuit [1, 6—8]. 
The likelihood of infarction increases when a more distal 
medium- or small-sized (approximately 3 mm or less) 
artery is obstructed, and the high-pressure collateral bron- 
chial influx must be accommodated within a smaller intra- 
vascular volume. This reperfusion by the bronchial 
circulation, combined with locally increased vascular per- 
meability due to tissue ischemia and capillary endothelial 
injury, causes the intra-alveolar extravasation of blood 
cells. This is generally followed by regression and a return 
to normal architecture as the blood is absorbed. Localized 
pulmonary hemorrhage tends to progress to infarction in 
settings of underlying malignancy, high embolic burden, 
diminished bronchial flow (due to shock, hypotension, or 
impaired circulation as in chronic disease), vasodilator 
use, elevated pulmonary venous pressure, or interstitial 
edema (typically due to heart failure) [1, 6-10]. Heart 
failure is generally considered the single most important 
predisposing condition in the development of pulmonary 
infarction [7]. 


26.2.2 Fibrinolysis 


Once fresh thrombus forms (or embolizes), it is cleared 
from the vascular structure, at least to some degree, by 
endogenous thrombolysis. This is initiated by plasminogen 
being converted by plasminogen activators to plasmin, an 
enzyme that degrades the fibrin within the clot resulting in 
its dissolution. This process appears to occur more rapidly 
in the lungs than in other areas, presumably because of a 
higher blood flow in pulmonary arteries that exposes 
thrombi to more plasminogen and, possibly, a greater 
thrombolytic capacity of pulmonary arteries than periph- 
eral veins [11]. 

Urokinase is the primary endogenous plasminogen 
activator active in this situation. Evidence indicates that 
the normal bronchoalveolar surface is functionally satu- 
rated with urokinase. Bronchoalveolar fluid recovered 
from normal individuals contains this factor [12, 13]. The 
cellular sources of alveolar urokinase are multiple. 
Alveolar macrophages synthesize urokinase [14], and 
recently reported evidence suggests that alveolar epithe- 
lial cells do also [15, 16]. This is consistent with prior 
observations that urokinase is associated with epithelial 
cells lining body surfaces such as the renal pelvis, urinary 
bladder, and ductus arteriosus [17]. 
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26.3 Types of Emboli 


During the course of a patient’s sojourn on hemodialysis 
therapy, there is the potential for exposure to recurrent bouts 
of PE. These vary in size from micro to massive and in fre- 
quency from those associated with each dialysis treatment to 
those that occur only as a consequence of an access salvage 
procedure such as a thrombectomy. 


26.3.1 Microemboli 


The fact that microembolization occurs during dialysis has 
been well documented using ultrasound detection of micro- 
embolic signals (MES) over the subclavian artery during the 
course of a treatment [18-21]. It is presumed that most of 
these are gaseous due to air bubbles either already within the 
hemodialysis device or caused by cavitation resulting from 
pressure gradients within the device [20]. Oxygen inhalation 
has been shown to reduce the number of MES originating 
from cavitation bubbles by replacing the blood’s physically 
dissolved nitrogen with oxygen, which has a lower tendency 
to form gaseous bubbles. In one study [20] that looked at this 
phenomenon, however, the number of MES was not signifi- 
cantly reduced by oxygen inhalation suggesting that at least 
in some cases, they are not all gaseous. 


Paradoxical Emboli: Microemboli 

The microemboli occurring during dialysis are generally felt 
to be of no consequence. However, studies [21] demonstrat- 
ing the presence of microemboli within the common carotid 
artery as well as the dialysis access during dialysis indicate 
that these small emboli can actually pass through the lung 
barrier and may cause ischemic lesions in organs such as the 
brain that are supported by the affected arterial circuit. 


26.3.2 Macro-emboli 


The time of greatest risk for significant pulmonary emboliza- 
tion in the hemodialysis patient is in conjunction with a 
thrombectomy procedure performed upon an arteriovenous 
access. Although generally well tolerated, both percutaneous 
[22-25] and surgical thrombectomies [26] can result in a sig- 
nificant incidence of pulmonary embolism (PE). 

The actual volume of clot that is present within a throm- 
bosed arteriovenous graft (AVG) is frequently overesti- 
mated. If one calculates the maximum clot volume that is 
possible, it is found to be rather small (Fig. 26.2). It has 
been determined from surgical specimens that the total 
clot volume for grafts measuring 30 to more than 50 cm 
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Fig. 26.2 Thrombus from thrombosed graft. (a) Arterial plug. (b) Clot aspirated from graft 


(mean, 42 cm) averages only 3.2 ml in volume; this 
includes the arterial plug [27]. 

Several investigators have performed pulmonary scans 
to determine the occurrence and frequency of PE after per- 
cutaneous thrombectomy [25, 26, 28, 29]. Swan et al. [28] 
studied 43 thrombosed hemodialysis graft cases undergoing 
percutaneous thrombectomy using pulse-spray pharmacom- 
echanical thrombolysis with urokinase. Perfusion lung scans 
were obtained in 22 patients after the procedure; none were 
studied prior to the event. These scans were interpreted as 
consistent with PE in 59 % of those studied, but no clini- 
cal signs or symptoms were present in 41 of the 43 cases 
(95 %). However, two patients developed both signs and 
symptoms of acute PE in the post-procedural period and 
died. One had underlying pulmonary disease, and the other 
had chronic heart disease. Both patients were oxygen depen- 
dent. Unfortunately, it is not known how many of the cases 
in this study actually had pulmonary defects prior to the 
procedure. 

Beathard et al. [25] obtained pulmonary perfusion scans 
in six patients selected at random from a cohort of 1,176 
cases of thrombosed dialysis access grafts in which percuta- 
neous thrombectomy was performed mechanically without 
the use of a lytic agent. Scans were obtained immediately 
before the thrombectomy procedure and 48 h afterward. If 
the 48-h image showed positive results, a third scan was 
obtained at 2 weeks. No clinical signs or symptoms of 


pulmonary embolization were noted in any of the total cohort 
in this series. In no instance was the oxygen saturation at the 
end of the procedure lower than it was at the beginning. All 
pre-procedure scans were negative. In five of the patients 
with lung scans (83 %), multiple small defects were present 
at 48 h. All of the positive scans were negative 2 weeks after 
treatment. 

Smits et al. [26] performed a study designed to determine 
the incidence of pulmonary embolization following percuta- 
neous thrombectomy in 23 patients with occluded hemodi- 
alysis grafts. Mechanical (MT) was performed in 12 cases 
and pharmacomechanical percutaneous thrombolysis (PMT) 
in 11. Pulmonary perfusion scans were performed within a 
few hours before and within 24 h after thrombolysis in all 
cases. In eight patients (8 of 23, 35 %), perfusion defects 
were seen on the second scan, which were absent on the first 
and were consistent with the presence of PE. Only one of 
these cases was symptomatic. In five of the eight patients 
who had PE, a third pulmonary perfusion scan was performed 
3—4 months after the procedure. In four patients, the perfu- 
sion defects were completely resolved, and in one they were 
substantially diminished. 

In 1999, Petronis et al. [30] conducted a study on 13 
patients to determine if pulmonary perfusion defects were 
detectable by ventilation—perfusion scintigraphy after 
percutaneous thrombolysis of clotted hemodialysis 
access grafts in their program. Four patients underwent 
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pharmacomechanical thrombolysis with urokinase, and the 
remainder had only mechanical thrombolysis. Pre- and post- 
thrombolysis scintigraphic studies were performed on all 
patients. In only one patient did a study show a new nonvascular 
perfusion defect and this case had a matching ventilation abnor- 
mality. The defect was believed to be caused by mucus plug- 
ging. The patient had no evidence of pulmonary embolism. 

In another study reported in 2000, Kinney, et al. [29] stud- 
ied 25 cases in a prospective, randomized, double-blind study 
evaluating PE with two pulse-spray pharmacomechanical 
thrombolysis protocols. Eleven patients were treated with 
urokinase and 14 with heparinized saline only. Nuclear medi- 
cine perfusion lung scans were performed before treatment 
and after graft declotting procedures. Baseline nuclear medi- 
cine perfusion lung scan results were abnormal (>20 % seg- 
mental perfusion defect) in 19 patients (70.4 %). A new PE 
(one or more pulmonary segments) occurred in two patients 
treated with urokinase (18.2 %) and nine patients treated with 
heparinized saline (64.3 %; P=.04). All cases of embolism 
were asymptomatic. The post-intervention primary patency 
rates for the dialysis access were similar between groups. 

These studies taken together suggest that PE does occur 
with some percutaneous thrombectomy procedures. 
However, they are generally small, asymptomatic, and com- 
pletely clear with time. The exceptions to this are not com- 
mon, but may occur in cases with significant cardiopulmonary 
comorbidity. However, there is a high incidence of pulmo- 
nary hypertension in dialysis patients [31], and the possibil- 
ity that recurrent pulmonary emboli resulting from repeated 
episodes of treated thrombosis might play a causative role 
has been raised [26, 32]. However, using an anatomically 
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based theoretical model of perfusion in the pulmonary acinar 
blood vessels, Clark et al. [33] produced evidence to indicate 
that distal microemboli were not as likely to cause pulmo- 
nary hypertension as more proximal emboli and that occlu- 
sion alone was not sufficient. 

Harp et al. [34] evaluated the incidence of pulmonary 
hypertension in a group of 88 cases with a hemodialysis vas- 
cular access that had been treated with percutaneous throm- 
bectomy. These cases were compared with two control 
groups, one consisting of cases without end-stage renal dis- 
ease and a second with end-stage renal disease who had not 
had a percutaneous thrombectomy. The incidence of pulmo- 
nary hypertension was higher in both ESRD groups than in 
normal controls. However, the difference between those 
who had had and those who had not had a percutaneous 
thrombectomy was not significant. This result suggests that 
microembolization associated with this procedure is not an 
issue in the etiology of pulmonary hypertension in these 
patients. 


Paradoxical Emboli: Macro-emboli 

Normal fetal circulation is dependent upon the foramen 
ovale, which provides a communication for oxygenated 
blood flow between the right and left atria during lung matu- 
ration. At birth, decreased pulmonary vascular resistance and 
increased left atrial pressure promote closure of the foramen 
ovale. However, a probe patent foramen ovale (Fig. 26.3) has 
been reported to be present in 27 % of the general population 
at autopsy [35, 36], meaning that a probe can be passed 
across the opening although its flap-valve-like architecture is 
such that it normally prevents the passage of blood. 


Left atrium 


Fig. 26.3 Paradoxical embolus. (a) Probe patent foramen ovale. (b) Cerebral infract from embolus (arrow) 


26 Pulmonary Embolism Associated with Dialysis Access Procedure 


199 


Although thought to be uncommon, there are instances in 
which the potential for right-to-left shunting is actually real- 
ized. The pulmonary hypertension that develops in the dialy- 
sis patient can result in this phenomenon [36-39]. A Valsalva 
maneuver or even a strong cough can also result in right-to- 
left shunting. This occurs because upon release of the 
Valsalva maneuver, right atrial pressure momentarily 
exceeds left atrial pressure due to the sudden rush of blood 
into the right ventricle [36]. This maneuver has been used to 
diagnose of a right-to-left shunt, and in the presence of a 
PFO, it has been reported to result in a paradoxical embolus 
(PDE) [40]. 

Basically, four elements are required to make a diagnosis 
of PDE: (1) systemic embolism confirmed by clinical, angio- 
graphic, or pathologic findings without an apparent source in 
the left area of the heart or proximal arterial tree; (2) an 
embolic source within the venous system; (3) an abnormal 
intracardiac or intrapulmonary communication between right 
and left circulations; and (4) a pressure gradient that promotes 
right-to-left shunting at some point in the cardiac cycle. 

There is strong evidence that there is a causal relationship 
between a PFO and embolic strokes. Despite extensive work- 
up, 40 % of cerebral infarcts have no known underlying 
cause [36]. In one study [41], it was found that the preva- 
lence of a patent foramen ovale in 40 stroke patients under 
the age of 40 years was 50 % as compared with 15 % in con- 
trol subjects. In the same study, 56 % of patients with stroke 
and no identifiable cause had a patent foramen ovale. In 
another study [42], the prevalence of PFO among young 
ischemic stroke patients was twice as high as that of the nor- 
mal population. 

It is easy to see that the requirements for such an event can 
occur with a thrombectomy procedure performed on a dialysis 
vascular access. Clots are being released into the circulation, a 
PFO is statistically present in a significant proportion of 
patients, and there is a high incidence of pulmonary hyperten- 
sion [31]. Several such episodes have been reported [39, 43— 
45]; however, the paucity with which the phenomenon has 
been reported would suggest that its occurrence is not com- 
mon. In a large series in which a comprehensive review of 
complications associated with interventional dialysis access 
procedures was reported [46], no episodes of stroke were 
encountered following 4,899 thrombectomy procedures (228 
on fistulas). This too would suggest that PDE is uncommon. 

PDE has also been reported with catheter exchange [44] 
and associated with an air embolus occurring during a 
manipulation of a hemodialysis catheter [47—49]. 
Additionally, since blood passing through an arteriovenous 
access is being shunted from the arterial to the venous circu- 
lation without passing through a capillary bed, it is possible 
for an inverse paradoxical embolus (embolus from the arte- 
rial to the venous circulation) to occur. In one report [50], a 
case with aortic vegetations secondary to endocarditis, 


a septic pulmonary embolus occurred 4 weeks after the 
removal of a dialysis catheter which was infected. 


26.3.3 Massive Emboli 


Some AVGs have pseudoaneurysms. These anomalous struc- 
tures are frequently lined with laminated, organized throm- 
bus. In a patient with large pseudoaneurysms that are very 
firm, the clot load within the thrombosed AVG may be quite 
large. The amount of clot in a thrombosed AVF varies con- 
siderably [51]. In most instances, it is rather small, but in 
some cases the thrombus load can be quite large (Fig. 26.4). 
This is more likely to be seen in the upper arm AVFs and in 
what has come to be referred to as a “mega-fistula,” i.e., one 
that is markedly dilated, tortuous, with multiple aneurysms. 
In addition to pseudoaneurysms and aneurysms, the presence 
of a central venous stenosis can promote the development of 
a large clot load. In these unusual cases an embolus may be 
large enough to lead to serious problems. Unfortunately, 
physicians dealing with these cases are reticent to publish 
them; however, the author is familiar with two cases which 
experienced a fatal PE following an attempted thrombec- 
tomy in the face of a large clot load. 


26.4 Concerns Related to PE 


The performance of a thrombectomy carries with it the risk 
of a pulmonary embolus. Since the interventional nephrolo- 
gist is generally performing these procedures in a free- 
standing facility, there are several questions that should be 
considered [32]. What makes an embolus lethal, and how 
much pulmonary embolization (clot load) is safe? 


26.4.1 What Makes an Embolus Lethal? 


The clinical presentation of a PE varies from asymptomatic 
(incidentally diagnosed) to fatal. Development of symptoms 
depends on the embolic burden and the severity of any under- 
lying cardiopulmonary disease. The severe physiologic con- 
sequences of a PE are due to two factors that lead to a cascade 
of hemodynamic and respiratory events that can end in death 
of the patient — mechanical obstruction and the release of 
vasoactive mediators (Fig. 26.5). Of these two, mechanical 
obstruction of the pulmonary arteries and their segmental and 
subsegmental branches is predominant [52-54]. Angiographic 
studies suggest that, in the absence of prior cardiopulmonary 
disease, approximately 25 % of pulmonary arteries become 
occluded before there is any increase in pulmonary arterial 
pressure [55]. Most people who die of PE have sustained mul- 
tisegmental or main pulmonary arterial occlusion [56]. 
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Fig. 26.4 Massive thrombus (a) 
Vessels filled with thrombus. (b) 
Mega thrombus that is thrombosed 


Fig. 26.5 Sequence of events leading to death from PE 
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In order to determine whether quantification of PE could 
be used as a predictor of patient outcome, 59 cases were 
studied using computed tomographic (CT) pulmonary angi- 
ography by Wu et al. [57] studies that were performed on 
hospitalized patients with PE. A pulmonary arterial obstruc- 
tion index was derived for each set of images on the basis of 
embolus size and location. By using logistic regression, PE 
indexes were calculated using the technique originally 
described by Qanadli et al. [58]. This index is defined as the 
product of N X D, where N is the value of the proximal pul- 
monary artery clot site, equal to the number of segmental 
arterial branches arising distally, and D is the degree of 
obstruction, defined as | for partial obstruction and 2 for 
total obstruction. Wu et al. then compared the calculated 
index with patient outcome, survival or death, to determine if 
there was a correlation between PE volume and survival. 
One of 53 patients (1.9 %) with an index of less than 60 % 
died. The cause of death in this case was end-stage malig- 
nancy. Five of six patients (83 %) with an index of 60 % or 
higher died. All five deaths were related to the presence of 
PE. The one survivor with a PE index higher than 60 % 
received thrombolytic therapy. By using a cutoff of 60 %, the 
PE index was used to identify 52 of 53 (98 %) patients who 
survived and five of six (83 %) patients who died. 

The importance of CT-derived clot volume was also dem- 
onstrated in a subsequent study of 125 consecutive patients 
with acute PE [59]. Ten patients (8 %) died of PE within 
30 days following CT. The authors of this report developed a 
central clot score which was used to evaluate clot volume. 
This scoring system was very similar to that described by 
Qanadli et al. [58] except that while the proximal artery was 
given a score equal to the number of segmental arteries aris- 
ing distally as in the study described above, the degree of 
occlusion was graded 0-5. They showed that a central clot 
index of 53 % had 100 % sensitivity, 76.5 % specificity, 
23.5 % positive predictive value, and 98 % negative predic- 
tive value for 30-day PE death. 

A number of observations have challenged the concept 
that the hemodynamic manifestations of PE are due solely to 
mechanical obstruction [38, 60, 61]. Additionally, a strictly 
mechanical obstruction of the left or right pulmonary artery 
during a surgical procedure produced by cross-clamping, or 
by unilateral balloon occlusion, causes only a modest rise in 
pulmonary artery pressure and almost never results in right- 
sided heart failure [38, 62], whereas PE with obstruction of 
only 25 % of the pulmonary vascular tree can cause marked 
pulmonary hypertension [63]. Published studies indicate that 
this discrepancy is largely explained by pulmonary 
vasoconstriction caused by vasoactive mediators, released 
primarily by activated platelets. Thromboxane-A, and sero- 
tonin are the two most important pulmonary vasoconstrictors 


in this context [64]. Antagonizing their effects has been 
shown to dramatically increase tolerance to experimental 
pulmonary embolism in animals [64]. 

Acute right-sided heart failure due to increased pulmonary 
vascular resistance resulting from mechanical obstruction and 
vasoconstriction is the prime cause of death in PE [55]. The 
rapid rise in afterload causes dilatation of the right ventricle, 
which, together with systemic hypotension, compromises 
coronary perfusion, and causes ischemia and sometimes even 
myocardial infarction. A septal shift resulting from right ven- 
tricle dilatation further reduces left ventricular preload, and 
the patient enters a “vicious cycle” of acute right-sided heart 
failure [65, 66]. The terminal event is systemic hypotension 
related to acutely elevated pulmonary pressures, right ventric- 
ular failure [52, 67] and hypoxemia [68] (Fig. 26.5). 

Comorbidity plays an important role in the lethal effects of 
a PE, especially underlying cardiopulmonary disease. This 
can make an otherwise well-tolerated PE life-threatening and 
may render a smaller volume of PE lethal [38, 55, 56, 69, 70]. 


26.4.2 How Much Is Too Much? 


The volume of thrombus in an access can vary considerable in 
the face of different predisposing factors, but when should it 
be considered a large or excessive clot load? There are no stan- 
dards by which to make this judgment. It seems appropriate to 
answer this question based upon the size of thrombus that 
would be sufficient to be considered a serious medical risk. 

The clot volume quantification studies quoted above sug- 
gest that if the cross-sectional area of the pulmonary vascular 
bed is reduced by 50-60 %, there is risk of death from the epi- 
sode. In a study of 19 cases, Milnor et al. [71] determined total 
vascular volume of the pulmonary bed using a dye dilution 
method. They found the average volume to be 365 cc/m?. 
Which means that for a 70-kg individual who is 70 in. tall, the 
total pulmonary vascular volume would be in the range of 
683 cc. According to the studies described above, an embolus 
of 340-410 cc (50—60 % reduction) would be expected to have 
a fatal effect. In order to minimize the risk of such an occur- 
rence and be totally safe (to the degree possible), it would seem 
that one should avoid situations that would have the possibility 
of creating a volume of embolus that would exceed 50 % of this 
amount, something that could be thought as an LCV-50 (50 % 
of the lethal clot volume). This would mean avoiding situations 
that might generate a clot load exceeding approximately 
200 cc. While this is certainly speculative, it does offer a pos- 
sible threshold value for concern that has some basis in estab- 
lished evidence. 

To place this in perspective, an acute thrombus in an aneu- 
rysm that is 8 cm x 12 cm in a patient with a hematocrit of 35 % 
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Fig. 26.6 Size comparisons for clot volume (for fresh clot, multiply by percent hematocrit) 


equals 200 cc. Using the time-honored practice of equating 
pathology to food (Fig. 26.6), an average plum is 4 cm in diam- 
eter with a volume of 33.5 cc; an average orange is about 8 cm in 
diameter and represents 268 cc. A grapefruit averages 12 cm in 
diameter, and an equivalent volume would be 905 cc. This com- 
parison would suggest that an acute thrombus within an aneu- 
rysm the size of an orange in a patient with a hematocrit of 35 % 
or less would be relatively safe to attack. However, one must 
realize that chronic, laminated clot may fill the defect in some of 
these dilated access. These clot volumes would not be affected 
by the patient’s hematocrit. However, this type of thrombus is 
generally attached to the wall and difficult to embolize. 


26.4.3 How Should Excessive Clot-Load 
Case Be Managed? 


If one accepts the concept of excessive clot load, then it fol- 
lows that these cases must receive special consideration in 
their management. The first issue to consider is whether the 
access should be salvaged. Cases with excessive clot burdens 
frequently have significantly severe structural defects. 
Although individualization is important, surgical revision or 
access replacement might be in the patient’s best interest. If 
a thrombectomy is felt to be necessary, it should be done 
using appropriate precautions in the hospital setting rather 
than a free-standing dialysis access facility. 


26.4.4 What Happens to the Embolic 
Thrombus? 


In many instances, fresh thrombus is cleared from the pul- 
monary arterial system by endogenous thrombolysis. This 


process starts relatively quickly following embolization. 
However, 50 % of patients with PE have persistent defects 
on follow-up scan 4-6 months [72-74] after diagnosis. 
There is a wide variation in resolution of thrombi in indi- 
vidual patients. As many as a third of patients will show no 
clot lysis [73, 75-78]. Cardiopulmonary disease adversely 
affects clearance of thrombotic emboli [73, 75, 78]. Lysis 
of a PE is also reduced in older patients [78] and in patients 
who do not undergo anticoagulant therapy after the acute 
event [72, 77]. Eventually, complete resolution of PE 
occurs in about two thirds of patients, with partial resolu- 
tion in the remainder [79-81]. One report [74] compiled 
the results of four studies dealing with the resolution of 
PE. Two studies [82, 83] used V/Q (ventilation—perfusion) 
lung scintigraphy as the follow-up test, and two studies 
[84, 85] used helical CT. These reports showed that the 
percentage of patients with residual pulmonary thrombi 
averaged 87 % at 8 days after diagnosis, 68 % at 6 weeks, 
65 % at 3 months, 57 % at 6 months, and 52 % after 
11 months. 

Embolic material that has not been cleared by thromboly- 
sis undergoes organization and conversion into firm fibrotic 
deposits that become adherent to the pulmonary arterial wall 
[75]. These organized deposits can obstruct pulmonary arte- 
rial flow and can lead to chronic pulmonary arterial hyper- 
tension and eventually cor pulmonale [86, 87]. Pulmonary 
artery pressure of over 50 mmHg at the time of presentation 
of a PE and age >70 years are frequently associated with 
persistent pulmonary hypertension [88]. It has been shown 
that 4-5 % [85, 89] of first-time, symptomatic PE patients 
acquire symptomatic chronic thromboembolic pulmonary 
hypertension (CTPH) within 2 years. Surgical thromboen- 
darterectomy can be a highly effective treatment for CTPH 
in such patients [90, 91]. 
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26.5 Management of PE 


Typically, a discussion of the management of PE includes 
those of all sizes: however, for our purposes we will restrict 
this review to the situation as it might present itself in the 
interventional facility, dealing with a patient with a dialysis 
vascular access, basically a massive PE. 


26.5.1 Risk Stratification 


While PE is common with thrombectomy of an arteriove- 
nous access, these emboli are generally of such a size that 
adverse effects are rarely seen: however, with a large clot 
load, a massive PE is possible, and emergency management 
may be critical to the patient’s survival. The 30-day mortal- 
ity rate for massive PE has been reported to be approxi- 
mately 30 % [92], and in a significant number, death is 
immediate. Shock or systemic hypotension at presentation 
represents the most important clinical sign of poor progno- 
sis in patients with acute PE [93, 94]. The presence of shock 
in these patients defines a three- to sevenfold increase in 
mortality, with a majority of deaths occurring within 1 h of 
occurrence [95]. 

A risk stratification tool that accurately quantifies the 
prognosis of patients with PE is useful in guiding the inten- 
sity of initial treatment of these cases. Derived primarily 
from work done in associated with deep vein thrombosis, 
multiple clinical models for determining prognosis in 
patients with PE have been developed. Of these the 
Pulmonary Embolism Severity Index (PESI) has been exten- 
sively validated internally and externally [96, 97]. This index 
is based upon the assessment of 11 clinical variables. 

Multiple studies have shown that patients with acute PE 
who have elevated serum levels of cardiac biomarkers such 
as troponin and brain natriuretic peptide, or evidence of 
right-heart dysfunction on either echocardiography or CT 
angiography, have a worse short-term survival than those 
without these features [98—101]. However, these tests take 
time and require the immediate availability of a facility capa- 
ble of doing the testing. The PESI is based upon the assess- 
ment of clinical variables which are objective and easily 
identifiable factors that can be ascertained within minutes of 
a patient’s presentation and do not require laboratory or 
imaging assessment. The value of this index is felt to lie pri- 
marily in the identification of patients with a low mortality 
risk who might be suitable for home management of their 
acute PE [96, 97, 102, 103]. However, It has also been found 
to have a strong correlation with mortality rate following PE 
[96, 104]. 

A simplified version (sPESI) has been described [105]. 
This version eliminates factors that are not significantly 
associated with 30-day mortality. It is based upon the 


Table 26.1 Clinical features of PE [106] 


Variable Massive PE Non-massive PE 
Systolic pressure 75+10 131423 

Heart rate 117+28 98+21 

Chest pain 41 (40) 1,127 (50) 
Dyspnea 86 (81) 1,876 (82) 
Syncope 41 (39) 271 (12) 

Cough 10 (9) 483 (21) 
Hemoptysis 2 (2) 160 (7) 
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Numbers in () represent percentages of total group 


determination of age <80 years and absence of systemic 
hypotension, tachycardia, hypoxia, cancer, heart failure, and 
lung disease to produce its risk stratification score. A clinical 
comparison of sPESI to the original version has shown that it 
has similar prognostic accuracy and clinical utility but 
greater ease of use [105]. It appears to be the most usable for 
assessing risk for PE associated with dialysis access 
interventions. 

In the original study [105], ROC curve analysis used to 
identify low-risk patients with PE for the sPESI determined 
that a score of only 1 point was the optimal cutoff between 
low- and high-risk groups. Patients with a score of 0 (1.e., no 
variables present) were categorized as low risk, and those 
with a score of 1 or more (any variable present) were catego- 
rized as high risk (see below). 


Using Risk Factor Data 

When dealing with a patient with a large clot load, one 
should be alert for signs that might suggest the occurrence of 
a pulmonary embolus such as the sudden onset of dyspnea, 
tachypnea, a sustained fall in oxygen saturation (less than 
90 %), chest pain, syncope and/or hypotension, or shock 
[106-108]. In a review of 2,392 patients with acute PE [106], 
108 (4.5 %) had massive PE, defined as a systolic arterial 
pressure <90 mmHg, and 2,284 (95.5 %) had non-massive 
PE with a systolic arterial pressure >90 mmHg; the symp- 
toms listed in Table 26.1 were noted. 

Given symptoms suggestive of a PE, a decision has to be 
made concerning the initiation of emergency treatment. In 
some instances this may require that the patient be trans- 
ferred from an outpatient facility to a location where such 
treatment can be performed and time is often critical. 
Although most episodes of PE, even if significant, do not 
lead to sudden death, most patients who do succumb to pul- 
monary embolism do so within the first few hours of the 
event (Fig. 26.7). In fact, 15 % of all cases (all cause) of sud- 
den death are attributable to PE. As a cause of sudden death, 
massive pulmonary embolism is second only to sudden car- 
diac death. In patients who survive the immediate effects of 
a PE, death can often be prevented with prompt diagnosis 
and therapy [106]. 
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Faced with the sudden appearance of signs or symptoms 
compatible with the occurrence of a PE, superimposed upon 
a clinical situation in which such an adverse event is possible 
(large clot load), the availability of a risk index such as sPESI 
is helpful in making a decision to take the necessary steps to 
immediately initiate what could be lifesaving therapy. While 
both the PESI and sPESI have been validated with PE associ- 
ated primarily with DVT, it seems only reasonable that simi- 
lar results would be obtained with an embolus from another 
source. 
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Fig. 26.7 Mortality rate from acute PE (Modified from Kucher et al. 
[106]) 


Table 26.2 Modified sPESI: a score of 1 or greater should be consid- 
ered high risk 


G.A. Beathard 


We suggest a modification of sPESI to better fit the dialy- 
sis access circumstance (Table 26.2). The sPESI index com- 
bines cardiac and respiratory categories into a single 
variable. In the dialysis population because of the frequency 
with which each of these comorbidities is seen, the case can 
be made for keeping them separate. Since events such as a 
drop in blood pressure, tachycardia, and a drop in oxygen 
saturation is not infrequent, these index variables should be 
taken to mean a persistent change (>15 min) rather than a 
transient alteration. When dealing with a patient with the 
potential for a massive PE, the index would be applicable 
for determining the appropriate level of management 
(Fig. 26.8). 


26.5.2 Diagnosis 


In making the diagnosis of an acute PE, time is critical. The 
overall mortality in patients with PE who are untreated can 
be as high as 30 % [109] while the correct diagnosis and 
appropriate timely therapy can significantly lower mortality 
to 2.5-10 % [87, 110, 111]. Unfortunately, making an accu- 
rate clinical diagnosis is difficult since there are no symp- 
toms or physical findings that are specific for the event. 
However, interventionalists should maintain a high index of 
suspicion, especially in the clinical setting of a thrombec- 
tomy being performed on an arteriovenous access with a 
large clot load (equal to or greater than LCV-50). If there is 
the sudden onset of suggestive symptoms, a presumptive 
diagnosis should be made and appropriate action taken. 
Symptoms that are suggestive in this setting are dyspnea, 


Variable Modified PESI tachypnea, a sustained fall in oxygen saturation (less than 
Age >80 years 1 90 %), chest pain, syncope and/or sustained hypotension, or 
Heart failure 1 shock [106-108]. 
Chronic lung disease 1 Since some of the suggestive symptoms are not uncom- 
Pulse >100 1 mon in the dialysis patient, to arouse concern there should be 
Systolic BP <100 1 a change from the patient’s baseline and should be persistent. 
Respiratory rate >30/min 1 Hypotension in this instance should be <90 mmHg lasting 
Arterial O, saturation <90 % 1 for 15 min or more or a decrease in systolic blood pressure 
Initiate 
PE 
management 
High 
risk 
Suggestive = 
Large clinical Modified 
clot load a signs and sx a sPESI 
Low 
risk 
Conservative 
Fig. 26.8 Application of management 
modified sPESI 
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>40 mmHg from the patient’s stable level [108]. PE is gen- 
erally associated with hypoxemia, but up to 20 % of patients 
with PE have a normal oxygen saturation level [112]. 
Electrocardiographic signs of right ventricular strain, such as 
inversion of T waves in leads V1—V4, a QR pattern in lead 
V1, the classic S1Q3T3 type, and incomplete or complete 
right bundle-branch block, may be helpful if of new onset 
[113, 114]. 

In patients with suspected PE and cardiogenic shock, the 
decision to obtain diagnostic studies such as computed tomo- 
gram or a ventilation—perfusion scan can excessively delay 
the initiation of reperfusion therapy. In the presence of evi- 
dence of severe right ventricular dysfunction, reperfusion 
therapy should be initiated immediately without the time 
delay required in obtaining these studies. 


Plasma p-Dimer 

D-dimer is a degradation product of cross-linked fibrin. 
Levels are elevated in the plasma in the presence of an acute 
clot because of simultaneous activation of coagulation and 
fibrinolysis. Measurement of plasma D-dimer levels is often 
used as an aid in the diagnosis of suspected PE [115, 116]. 
However, utility is primarily in ruling out rather than con- 
firming a PE [107] because there are a number of other con- 
ditions that can cause an elevation. Since one of these 
conditions is the presence of an acute clot, it is of no value as 
an aid to the diagnosis of a PE in a patient having a dialysis 
access thrombectomy. One would expect that these cases 
would always have an elevated plasma D-dimer level. 


Radiological Tests 

Pulmonary angiography is traditionally considered the gold 
standard of diagnosis of PE. However, it is infrequently per- 
formed because it is an invasive and expensive method and 
requires experienced radiologists/physicians to both perform 
the test and interpret the results [117]. As a result other tests 
are more likely to be used. 


Ventilation-Perfusion Scintigraphy 
Ventilation—perfusion scintigraphy (V/Q scan) has been 
widely used as an aid in the diagnosis of PE (Fig. 26.9). The 
basic principle of the test depends upon an intravenous 
injection of technetium-labelled macroaggregated albumin 
particles, which block a small fraction of pulmonary capil- 
laries and thereby enable scintigraphic assessment of lung 
perfusion at the tissue level. Where there is occlusion of pul- 
monary arterial branches, the peripheral capillary bed will 
not receive particles, rendering the area “cold” on subse- 
quent images. Perfusion scans are combined with ventila- 
tion studies, in which a radioactive-labelled tracer (generally 
a gas) is inhaled. The purpose of the additional ventilation 
scan is to increase specificity by the identification of 
hypoventilation as a non-embolic cause of hypoperfusion 
due to reactive vasoconstriction (perfusion—ventilation 
match). In the case of PE, ventilation is expected to be nor- 
mal in hypoperfused segments (perfusion—ventilation mis- 
match) [118, 119]. 

Lung scan results are frequently classified according to 
criteria established in the North American PIOPED trial 


Fig. 26.9 V/Q Scan of lung with ventilation—perfusion mismatch. (a) Ventilation scan shows no pathologic change. (b) Defect on the perfusion 
scan (arrows) indication location of PE 


G.A. Beathard 


Fig. 26.10 CT pulmonary angiography. (a) Thrombus occluding right and left pulmonary arteries (arrows). (b) Saddle embolus (arrows) 


[120] into four categories: normal or near-normal, low, 
intermediate (nondiagnostic), and high probability of PE. 
Although this classification has been questioned [121, 122], 
the validity of a normal perfusion lung scan has been evalu- 
ated in several studies which have indicated that it is a safe 
practice to withhold anticoagulant therapy in patients with a 
normal perfusion scan [123-125]. It is generally accepted 
that a normal perfusion scan is very safe for excluding PE. 
Although less well validated, the combination of a nondiag- 
nostic V/Q scan in a patient with a low clinical probability of 
PE is an acceptable criterion for excluding PE. A high- 
probability ventilation—perfusion scan establishes the diag- 
nosis of PE with a high degree of probability, but further 
tests may be considered in selected patients with a low clini- 
cal probability [107]. 


Computed Tomography (CT) 
Contrast-enhanced multi-slice spiral CT pulmonary angiog- 
raphy (CTPA) has shown promising results [126, 127] in 
diagnosing PE (Fig. 26.10). There are two approaches to 
this technology, single detector (SD-CTPA) and multi- 
detector (MD-CTPA). Two large clinical studies using 
SD-CTPA reported a sensitivity of 70 % and a specificity of 
90 % [128, 129]. It was concluded that the overall sensitiv- 
ity of spiral CT for PE was too low to endorse its use as the 
sole test to exclude PE. This was true even for patients with 
larger PE in segmental or larger pulmonary artery branches 
[128, 129]. It was felt, however, that these studies could 
replace angiography in combined strategies that include 
testing modalities [128]. 

Actually, MD-CTPA with high spatial and temporal reso- 
lution and quality of arterial opacification has become the 


method of choice for imaging the pulmonary vasculature for 
suspected PE in routine clinical practice. It allows adequate 
visualization of the pulmonary arteries up to at least the seg- 
mental level [130-132]. In an early study, a sensitivity and 
specificity for PE above 90 % were reported in an early series 
[133]. In a later, larger series (PIOPED IJ), a sensitivity of 
83 % and a specificity of 96 % were observed [126]. 

A SD-CTPA or MD-CTPA showing a thrombus up to the 
segmental level can be taken as adequate evidence of PE. 
Currently, it is felt that in patients without a high clinical 
probability, a negative SD-CTPA must be combined with 
other testing modalities to safely exclude PE, whereas 
MD-CTPA may be used as a stand-alone test [107]. 


26.5.3 Treatment of Pulmonary Embolization 


General 

In addition to general support measures which are critical to 
success (Table 26.3), there are two approaches to the initial 
treatment of PE, anticoagulation alone and thrombolysis 
with anticoagulation. The choice of therapy depends upon 
the patient’s risk stratification [134]. For patients in whom 
there is a high clinical suspicion of PE, initial treatment with 
anticoagulants while awaiting the outcome of diagnostic 
tests is recommended as long as the patient is stable. In the 
absence of a contraindication, anticoagulation should not be 
delayed until diagnostic testing for PE has been completed. 
As quickly as possible, it is important to conduct a physical 
examination to detect findings of right ventricular dysfunc- 
tion such as distended jugular veins, a systolic murmur of 
tricuspid regurgitation, or an accentuated P2. Clues on the 
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Table 26.3 Summary of management of high-risk pulmonary embo- 
lism [107] 


Anticoagulation with unfractionated heparin should be initiated 
without delay 


Systemic hypotension should be corrected to prevent progression of 
RV failure and death 


Vasopressive drugs are recommended for hypotensive patients 
Aggressive fluid challenge is not recommended 
Oxygen should be administered in patients with hypoxemia 


Thrombolytic therapy should be used in patients presenting with 
cardiogenic shock and/or persistent arterial hypotension 


Surgical pulmonary embolectomy is a recommended therapeutic 
alternative if thrombolysis is absolutely contraindicated or has failed 


Catheter embolectomy or fragmentation of proximal pulmonary 
arterial clots may be considered as an alternative to surgical 
treatment 


ECG include right bundle-branch block, $1Q3T3, and T 
wave inversion in leads V1 through V4. 

Poor prognostic indicators include patients who appear 
critically ill, with marked dyspnea, anxiety, and low oxygen 
saturation; elevated troponin, indicating right ventricular 
microinfarction; right ventricular dysfunction on echocar- 
diography; and right ventricular enlargement on chest CT. 
Patients with any or a combination of these changes are at 
high risk for an adverse outcome and may derive benefit 
from immediate thrombolytic therapy, even if they initially 
maintain systemic arterial pressure [134]. Major contraindi- 
cations to thrombolytic therapy include intracranial disease, 
uncontrolled hypertension at presentation, and recent major 
surgery or trauma [135]. 

Shock or systemic blood hypotension at presentation rep- 
resents the most important clinical sign of poor prognosis in 
patients with acute PE [93, 94, 106]. The presence of shock 
in these patients defines a three- to sevenfold increase in 
mortality, with a majority of deaths occurring within 1 h of 
occurrence [95]. Thrombolytic therapy is recommended in 
these cases unless there are major contraindications related 
to bleeding risk. Thrombolysis in these patients should not 
be delayed; irreversible cardiogenic shock may ensue [134]. 

There is widespread agreement that thrombolytic therapy 
should be used to treat PE associated with hemodynamic 
compromise. Compared with anticoagulation alone, throm- 
bolytic therapy has demonstrated acceleration of thrombus 
lysis as evidenced by more rapid resolution of perfusion scan 
abnormalities, decrement in angiographic thrombus, reduc- 
tion in elevated pulmonary artery pressures, normalization of 
right ventricular dysfunction, and a trend toward improved 
clinical outcomes [134]. However, studies comparing antico- 
agulation and thrombolytic therapy have shown an increased 
incidence of bleeding in the latter group. In one study intra- 
cranial bleeding occurred in 3.0 % of patients who received 
thrombolytic therapy, compared with 0.3 % of the non- 
thrombolysis-treated patients [106]. 


When a lytic agent is deemed appropriate for treating PE, 
current evidence indicates that thrombolytic therapy should 
be infused into a peripheral vein rather than given directly 
into a pulmonary artery. Centrally administering the agent 
does not accelerate thrombolysis but does cause more fre- 
quent bleeding at the catheter insertion site [136]. An infu- 
sion of tPA at a dose of 100 mg should be administered over 
a 2-h period or less [134]. More prolonged infusions of 
thrombolytic agents (e.g., 12 h or more) are associated with 
higher rates of bleeding [137, 138]. Additionally, a 2-h infu- 
sion achieves more rapid clot lysis than 12- or 24-h infusions 
[138-140]. In patients with imminent or actual cardiac arrest, 
bolus infusion of thrombolytic therapy is indicated [134]. 

Before thrombolytic therapy is administered, IV heparin 
(unfractionated) should be administered in full therapeutic 
doses (e.g., bolus of 80 U/kg followed by 18 U/kg/h initially) 
[134]. During administration of thrombolytic therapy, it is 
acceptable to either continue or suspend heparin infusion. 


Mechanical Thrombectomy Devices 

The use of mechanical thrombectomy devices in the treatment 
of PE has been reported. Kuo et al. [141] reported a meta-anal- 
ysis of 594 patients from 35 studies (six prospective, 29 retro- 
spective) who were treated with catheter-directed mechanical 
therapy for massive PE. The pooled clinical success rate for 
this group of cases was 86.5 %. Pooled risks of minor and 
major procedural complications were 7.9 and 2.4 %, respec- 
tively. In 546 of 571 cases with data available (95 %), catheter- 
directed mechanical therapy was used as the first adjunct to 
anticoagulation without previous intravenous thrombolysis. 

The purpose of the mechanical device is to fragment 
thrombus either in an effort to send particles more distally 
and expose a larger aggregate surface area of the thrombus 
to pharmacologic thrombolytic agents [142] or more often to 
aspirate the fragments with a catheter [143]. The goal is to 
reduce pulmonary arterial resistance enough to reduce pul- 
monary artery hypertension, alleviating right ventricular dil- 
atation and dysfunction, and rapidly increase cardiac output. 
Hemodynamic improvement can be dramatic following suc- 
cessful thrombus fragmentation. Substantial improvement in 
pulmonary blood flow may result from what appears to be 
only modest angiographic change [107]. 

Unfortunately, these endovascular techniques have not 
been compared with other forms of therapy in prospective ran- 
domized controlled studies. The American College of Chest 
Physicians Clinical Practice Guidelines [134] recommends 
against use of interventional catheterization techniques for 
most patients. However, in selected, highly compromised 
patients who are unable to receive thrombolytic therapy 
because of bleeding risk, or whose critical status does not 
allow sufficient time for systemic thrombolytic therapy to be 
effective, interventional catheterization techniques may be 
considered as an alternative to surgical treatment [107, 134]. 
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Surgical Embolectomy 

Emergency surgical embolectomy with cardiopulmonary 
bypass has been used as a management strategy for cases 
with massive PE [144-146]. The American College of Chest 
Physicians Clinical Practice Guidelines [134] recommend 
that in selected highly compromised patients who are unable 
to receive thrombolytic therapy because of bleeding risk, or 
whose critical status does not allow sufficient time for sys- 
temic thrombolytic therapy to be effective, pulmonary embo- 
lectomy should be considered. 

Practice guidelines for the diagnosis and management of 
pulmonary embolism published by the Japanese Circulation 
Society [108] take a stronger view on the role of surgery. 
Pointing out evidence that surgical treatment has been shown 
to improve the condition of patients with unstable hemody- 
namics due to massive PE [144, 147, 148], they recommend 
that a patient with an acute pulmonary embolus be closely 
monitored during medical therapy for evidence of deteriora- 
tion and a need for surgical intervention. 

If the patient develops circulatory failure or shock, prompt 
recanalization of the occluded pulmonary arteries is essential 
[106]. Surgical pulmonary thrombectomy under cardiopulmo- 
nary bypass should be considered for these patients. In patients 
without shock, conventional surgical pulmonary thrombectomy 
is indicated when (1) tachycardia persists in the absence of hypo- 
tension and medical treatment is not effective; (2) thrombus is 
observed (using some type of imaging modality) in the pulmo- 
nary arterial trunk or both right and left main pulmonary arteries, 
and heart failure and/or respiratory failure is rapidly progressive; 
(3) thrombolytic therapy is contraindicated; and (4) free throm- 
bus is present in the right atrium and/or ventricle [149]. 
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Stent Migration 
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27.1 Introduction 
Central vein stenosis is common in hemodialysis patients. 
Risk factors include history of tunneled dialysis catheter 
placement. In hemodialysis patients in the USA, endovascu- 
lar stent placement is increasingly being used to manage 
these lesions. In dialysis vascular access, only the Flair™ 
endovascular stent graft has been approved by the FDA, and 
their role in extending a graft cumulative survival has been 
debated. Some commonly used self-expanding stents are 
shown in Fig. 27.1. Stent placement is considered to be an 
adjuvant for angioplasty as it is used to limit elastic recoil of 
venous stenotic lesions after angioplasty, counteract extrin- 
sic vein compression, and limit extravasation of blood in dis- 
sected vasculature and has been approved for vein-graft 
stenotic lesions in hemodialysis patients. Complications 
related to placement of stent include migration, fracture, 
thrombosis, infection, shortening, vessel rupture due to 
attempts at advancement of stent after partial or complete 
deployment, occlusion of side branches of a vessel, and 
instent stenosis. 

The incidence of stent migration has been reported to be 
as low as 3 %. In one series migration of stent has occurred 
in 20 % of the cases. 


27.2 What Causes Migration of a Stent? 


Stents once placed are partially covered by endothelium and 
are thought to be more susceptible to move from its origi- 
nally intended location prior to this endothelialization. The 
causes of migration of stent include (a) improper sizing of 
stent (too small a stent) relative to the diameter of vein lumen 
resulting in incomplete contact between the stent and the 
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vessel lumen, (b) placement of stent in a vein close to a joint 
such as shoulder joint which mobilizes the stent leading to 
movement of stent into a larger diameter vein, (c) fracture of 
stent which can lead to migration from its intended native 
location to a proximal or central location, and (d) suscepti- 
bility of self-expanding stent to move and migrate with 
inspiration prior to its attachment to the vessel lumen. Lack 
of sharp flared filament ends in Wallstents and lack of fixa- 
tion hooks in other types of stents (Gianturco stent) could 
play an additional role in migration of these stents centrally. 
There is also a concern that stent grafts may impair stent wall 
apposition in comparison to the uncovered bare metal stent. 
This may be a reason for more oversizing of the stent graft 
compared to a bare metal stent. 


27.3 Case Reports 


Migration of stents has been reported for virtually every kind 
of stent placed in the central venous system. Susceptibility of 
one type of stent for over the other to migrate has not been 
compared in a randomized clinical trial. 


27.4 Complications Related to Stent 
Migration 


Migration of the stent can result in potentially serious com- 
plications. Stents can migrate to right atrium, right ventricle, 
and pulmonary artery. This migration can lead to no symp- 
toms at all or lead to complications such as tricuspid regurgi- 
tation, pulmonary infarction, acute myocardial infarction, 
and cardiogenic shock. Placement of a stent near the subcla- 
vian—innominate vein junction will cover the orifice of the 
ipsilateral internal jugular vein, and attempted central venous 
catheterization of the subclavian vein can dislodge the stent 
and embolize the stent into the right heart and pulmonary 
artery. 
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Fig. 27.1 (a) Three self-expanding covered endovascular stents (V) 6 
50 mm Viabahn, (F) 6 60 mm Fluency, (W) 8 60 mm Wallflex. (b) 
15 mm gooseneck snare crimping the edge of the stent. (c) Gooseneck 


27.5 Management Options 


Management strategies include (1) conservative approach of 
observation, (2) percutaneous removal of stent through a 
vascular sheath, (3) redeployment of stent in external iliac 
veins, and (4) surgical approach. Management should depend 
on the clinical circumstance, operator and institution experi- 
ence, and best judgement. 

One approach of retrieval of stents in the right heart could 
be the following. Place a long percutaneous (e.g., a 45 cm 16 
French) sheath into the femoral vein. Insert an Amplatz 
gooseneck snare (e.g., a 15-25 mm size diameter) through 
the abovementioned sheath and snare the stent and draw the 
stent into the sheath. During retraction of the stent, care has 
to be taken so as to prevent the coned edge from snagging the 
tricuspid valves. Once this is accomplished, the sheath with 
the stent in the sheath can be removed. If excessive resis- 
tance is encountered, surgical solution should be 
considered. 

A dual-snare approach is employed by some intervention- 
alists. When the snared stent is withdrawn to the level of the 
mid-inferior vena cava, a second sheath (around 16 French 
— 35 cm) is placed in the contralateral vein (femoral or inter- 
nal jugular vein). A second gooseneck snare is placed over 
the opposite end of the stent. The advantage here is that the 
second snare secures the stent into the sheath. The first snare 
is released once the second snare is placed on the opposite 
end of the stent. 

In patients with a permanent inferior vena caval filter 
already in place, snaring of stent will not be possible. The 
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snare applied to stent’s edge and the Fluency stent enfolding within a 16 
Fr sheath (Adapted with permission from Catheterization and 
Cardiovascular Interventions) 


Fig. 27.2 (a) Fractured stent (8 mmx6 cm) in the proximal basilic 
vein. (b) Fractured stent (8 mmx6 cm) kept in place by placing an 
oversized stent (12 mm x4 cm) in the fractured stent 


nitinol Smart stent is not readily amenable to crimping like a 
Wallstent with a gooseneck snare and therefore cannot be 
drawn into a sheath. 


27 Stent Migration 


The flared ends are more compressible than the central 
part of the stents. Another approach for retrieval of emboli- 
zed stent has been published. This involves inserting and 
inflating a slightly oversized balloon proximal to the emboli- 
zed stent and guiding the stent migration from the right heart 
into the inferior or superior vena cava. Once the balloon and 
stent combination is closer to the sheath, the stent can be 
snared and then removed along with the sheath and the bal- 
loon. Alternatively a wire can be passed through the emboli- 
zed stent, and if this can be guided into the femoral vein, then 
the stent can be surgically removed. There is risk of entan- 
glement of the stent in the right heart with this approach. 

There are published case reports of conservative approach 
with embolized uncovered stents. These patients had termi- 
nal illness or serious comorbidities which made surgical pro- 
cedures to remove stents very high risk. 

Surgical approach may be needed if percutaneous 
approaches fail. 
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In patients who have a stent fracture (Fig. 27.2a), an over- 
sized stent (new stent larger in diameter than the fractured 
stent) can be placed in the fractured stent to keep the stent in 
place (Fig. 27.2b). 


27.6 Strategies to Decrease Stent 
Migration 


Oversizing of the stent by 1-2 mm helps the stent to come in 
complete contact with the vessel wall. A large stent is more 
likely to be lodged in the innominate vein than migrate into 
the right heart or pulmonary artery. Large-diameter self- 
expanding stents are now available which do not shorten as 
their diameter increases, but the milking action of the vein 
with respiration can still dislodge the stent in the absence of 
a mechanism to hold the stent to the vessel wall. 


Foreign Body Retrieval 


28 


Karthik Ramani and Davinder Wadehra 


28.1 Introduction 

Widespread use of percutaneous techniques in the fields of 
cardiology, urology, interventional radiology, and interven- 
tional nephrology has resulted in an increased rate of dis- 
lodgement of foreign bodies. Several endovascular 
techniques have evolved over time to retrieve the same. 
Little literature and studies are present that describe the suc- 
cess and failure of different methods of retrieval. 

Removal of foreign bodies via nonsurgical methods was 
initially described in the 1960s [1] and has grown to become 
a rare but important skill set to have in the armamentarium of 
an interventionist. This chapter will provide an overview of 
the nature of foreign bodies one can encounter and describe 
different techniques and approaches for endovascular 
removal of foreign bodies. 


28.2 Types of Intravascular Foreign Bodies 


Most intravascular foreign bodies are iatrogenic in etiology 
although vascular embolization with bullets and ureteric/bile 
duct calculi has been described. Our discussion is going to 
focus primarily on iatrogenic foreign bodies. 

Various classifications exist of foreign bodies based on 
type, location, and description which are illustrated in 
Table 28.1 below [2-4]. 

The most common foreign bodies are fragments of cathe- 
ters, guide wires, angioplasty balloons, and migrated endovas- 
cular stents. The final localization of foreign bodies depends 
on the characteristics of the embolized foreign body such as 
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the length, weight, stiffness, mobility, and geometry of the for- 
eign body [2]. It also depends on the vessel characteristics 
such as vessel morphology, site of flow, and blood flow [2]. 


28.3 Localization of Foreign Body 


It is imperative to identify the exact location of foreign body 
for intravascular foreign body retrieval. Fluoroscopy is 
excellent for identification and removal of radiopaque for- 
eign bodies. Monoplane fluoroscopy is useful in most 
instances for removal, but biplane fluoroscopy may be 
required in some instances for proper topographical localiza- 
tion of foreign bodies in complex anatomical sites. 
Angiography with road map may be used to supplement flu- 
oroscopy to assist in foreign body removal. 

Radiolucent bodies may be difficult to identify, and alter- 
native techniques need to be used for localization. 
Radiolucent foreign bodies in cardiac structures may be 
identified via transthoracic or transesophageal echocardiog- 
raphy. For certain intravascular foreign bodies especially 
coronary stents, intravascular ultrasound may be used [5]. 


28.4 Complications of Foreign Bodies 


Complications of foreign bodies may happen immediately or 
later [6-13]. The minor and major complications are listed in 
Table 28.2 below. Fatal complications occur rarely; however, 
bacterial contamination in the absence of bacteremia has 
been reported in some studies to be as high as 25 %. 


28.5 Indications/Contraindications 


for Foreign Body Removal 
Not every foreign body requires removal, and decision to 
remove depends on careful assessment of the risk-benefit 


ratio of every individual case. With the evolution of newer 
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devices and better techniques, the risks for removal have 
reduced significantly. 

If the patient has life-threatening complications such as 
described in Table 28.2, it warrants prompt removal [2, 3, 
14-16]. Foreign bodies lost in the peripheral circulation may 
be left alone unless they have a propensity to embolize, 
thrombose, and cause infection or injury. If despite the use of 
available imaging modalities the foreign body cannot be 
localized, the search must be discontinued and the patient 
monitored closely. The decision to anticoagulate depends on 
the individual situation, and there has been no benefit to anti- 


Table 28.1 Commonly encountered foreign bodies 


1. Classified on TYPE 
(a) Fragments of 
Diagnostic catheters 


Angioplasty/embolectomy balloons (deflated vs inflated 
fragments) 


Guide wires/sheaths 
Pacemaker electrodes 

(b) Stents 

(c) Embolization coils 

(d) IVC filters 

(e) Closure devices 

2. Classified on LOCATION 

(a) Foreign bodies in the venous circulation 
Central veins 
Peripheral veins 


Special situations — within the HD access, right atrium/ 
ventricle and pulmonary circulation 


(b) Foreign bodies in the arterial circulation 
Aorta 
Coronary arteries 
Peripheral arteries 
3. Classified based on APPEARANCE 
(a) Long and skinny 
Segment of central venous catheter 
Fragment of IVC filter/guide wire 
Migrating stent 
(b) Round and slippery 
Embolization coils 
Occlusion devices 
Bullets/shotgun pellets 
Pressure balls and beads 


Table 28.2 Complications of foreign bodies 


Major complications Minor complications 


1. Unstable arrhythmias 1. Pain 


2. Rupture of large vessels/injury to cardiac 2. Thrombosis of 


structures peripheral vessels 
3. Embolization to vital structures 3. Localized Infection 


4. Sepsis/endocarditis 
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Table 28.3 Indications for retrieval 


Relative indications 
1. Pain 


Absolute indications 

1. Active infection (sepsis)/ 
endocarditis 

2. High risk of embolization to vital 2. Thrombosis 
structure. 

3. Cross-talk interference 


between pacemaker and 
ICD electrode. 


3. High risk of perforation/ 
arrhythmia 

4. Foreign body entrapped in 
cardiac chamber/large vessel 


biotic administration in the absence of systemic signs of 
infection. 

Percutaneous retrieval obviates the need for surgery and 
is safer and simpler to perform. The common indications are 
listed in Table 28.3 below. There are no absolute contraindi- 
cations to removal other than the procedure that must be 
done in a setting to avoid life-threatening complications. 


28.6 Equipment and Devices for Foreign 
Body Retrieval 


Over the years devices and techniques have evolved for the 
retrieval of foreign bodies. The first reports described the use 
of Dormia/Dotter retrieval baskets and self-made wire snare 
as there were no other tools available at that time. Newer 
devices [16-21] include the use of wire loop snare, retrieval 
basket, grasping forceps, pincher devices, tip-deflecting 
wire, goose neck snare, and balloon catheters, to name a few. 
The choice of device depends on location, type of foreign 
body, and operator choice/preference. Every device has its 
pros and cons; the most commonly used device is the loop 
snares. In this section a brief description of the commonly 
used commercial devices will be given. 


28.6.1 Baskets 


The first basket used for foreign body retrieval was a stone 
retrieval basket designed for the ureteric system [21]. Since 
these early stone baskets were designed for stone retrieval, 
they were relatively traumatic and, hence, underwent evolu- 
tion to be designed specifically for intravascular use. Their 
newer designs are atraumatic and flexible and can pass over 
a guide wire. 

Description of Dotter Retrieval Basket 

The Dotter basket is a flexible, onion shaped wire mesh that 
is constrained within a guiding sheath. It is available in different 
sizes and can be navigated past the foreign body and advanced 
with a slight rotatory to-and-fro motion, opened, and pulled 
back to trap the foreign body. After the foreign body is trapped, 
the guiding sheath is advanced to entrap the foreign body. 
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28.6.2 Foreign Body Retrieval Forceps 


The design of the forceps [22] like other retrieval devices has 
evolved into a highly flexible and atraumatic over the guide 
wire design. The most obvious advantage that these devices 
have over the snare system is that the foreign body need not 
be grasped at the free end. For example, if the guide wire/ 
catheter fragment has both ends embedded in the vascular 
endothelium, the retrieval forceps would provide a plausible 
means for extraction, in comparison to loop-snare systems 
which would need an alternative device to expose the free 
end to facilitate extraction. 

Types of Retrieval Forceps ' 

1. Rat-tooth forceps — two diametrically opposing jaws that 
contain a single distal tooth. 

2. Alligator forceps — similar to rat-tooth except for multiple 
teeth. 

3. Three/four-pronged retrieval forceps — shaped like a cone 
with three/four wire legs. As the legs are closed, they 
draw the foreign body to the central axis assisting in 
removal. 

With forceps with a guiding wire, the forceps is 
advanced and positioned near the foreign body under 
fluoroscopic guidance. The handle of the device is used to 
open the forceps and positioned around the foreign body. 
The jaws are now closed, and the whole unit, i.e., the 
guiding catheter and the sheath, is withdrawn. 

4. Snares — are the most commonly used device for intravas- 
cular foreign body extraction. It primarily consists of a 
radiopaque nitinol-coated loop which can be collapsed 
into the catheter shaft and assumes the shape of the 
vessel. 

Historically, the snares really started to evolve from the 
1970s when Randall and colleagues initially described a 
0.018” loop at right angles to the guide wire, thus facilitating 
greater coverage of the vessel. In the 1990s, Furui and group 
reported a loop-snare device constructed of a 7 F, 80-110 cm 
long triple-lumen multipurpose configuration at the end. A 
0.035” glide wire is passed through the most distal lumen, 
and the other two openings are present near the catheter tip. 
To create a loop, a 0.18” glide wire is passed through one 
lumen and brought out through the other. The loop was 
crimped to produce a right-angled loop. These snares were 
problematic as they caused trauma to the vessel walls and the 
doubled over glide wire resulted in internal friction. To over- 
come these problems, a new right-angled nitinol-braided 
snare (Amplatz gooseneck snare) was made which was the 
precursor to snares used in practice nowadays. 

The different types of nitinol snares are described below: 


'ASDIN 8th annual scientific meeting pre-course presentation on for- 
eign body retrieval. www.asdin.org. 
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(a) Amplatz gooseneck snare (ev3) — Comes in a variety of 
loop sizes and is provided with either 4- or 6-French guid- 
ing catheters, although substitution with any of several 
soft, blunt-tipped guiding catheters is possible.? The 
Amplatz snare loop is at a right angle to the catheter; this 
facilitates the capture of foreign bodies, devices, or cath- 
eters. The loop of the snare itself contains gold tungsten 
coils to enhance visualization (nitinol is poorly radi- 
opaque). It also contains a platinum-iridium radiopaque 
marker band. The snare comes in a kit and in a variety of 
sizes ranging from 5 to 35 mm. The snare size used should 
be chosen based upon the size of the vessel involved. The 
two that are most applicable to dialysis vascular access 
procedure are the 10 and the 15 mm. The components of 
the snare kit are the introducer, torquing device, and the 
snare. This device is available in a range of sizes, includ- 
ing an Amplatz GooseNeck Microsnare Kit. 

(b) En Snare (Merit Medical) — Consists of interlaced niti- 
nol loops which is incorporated with platinum strands. 
It also contains a platinum-iridium radiopaque marker 
band to enhance fluoroscopic visibility. It has a 
15-degree-angled tip, is kink resistant, and provides 
torque control. It comes in a variety of sizes ranging 
from the 4-8 mm mini snare system to 36—40 mm. The 
most commonly used diameter in dialysis access would 
be 6-10 mm standard snare system which comes 
6-French catheter size and is 100 cm long. The compo- 
nents of the snare system consist of the introducer, torqu- 
ing device, catheter, and the snare. 

Advantages — The advantages of these snares over the 
previously described snares are: 

1. Multiple preformed sizes for maximal cross-sectional 

coverage of any vessel 

Lack of a sharp or potentially traumatic design 

Ultra-high fluoroscopic visibility 

Maximum flexibility of both the loop and guide wire 

Preformed right-angled design without a transition zone 

between the loop and guiding catheter/cable 

Disadvantage — The only disadvantage of a snare-type 

device is the ability to access the free end of the object to 

facilitate removal. In some case reports, it has been shown 
that use of a tip-deflecting device/angioplasty balloon in 
conjunction with the snare facilitates retrieval of the foreign 
body when the free end is not accessible. 

Steps for Deployment of Snares [23]: 

In general, the following principles can be used for 
deployment of snares: 

1. Pass the wire beyond the target object. 

2. Position the diagnostic catheter (straight/hockey stick) 

close to the target object. 


Gres 


?See footnote 1. 


$http://www.merit.com/products/default.aspx ?code=ensnare. 
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. Feed snare into diagnostic catheter and position beyond 


target object. 
Pull back the diagnostic catheter and use a torquing 
motion to grab the object. 


. Advance the diagnostic catheter to close the lasso of the 


snare and tighten your grip. 
Now, remove the unit as a whole through the sheath. 
Specific situations to warrant removal of objects, i.e., coil 


and guide wire, will be discussed under the clinical case sce- 
nario section [15, 24-29]. 


28.7 Dialysis Access Specific: Case 


(a) 


(b) 


Scenarios 


42-year-old female with immature left brachiocephalic 
fistula with large accessory vein mid body of fistula. 
Attempt to place embolization coil in accessory vein 
resulted in malposition of coil. 
Steps to follow in using snare to retrieve a 
misplaced coil: 
e Deploy the snare above the coil. 
e Pull the snare back in a deployed configuration until 
it catches on the coil 
e Use torquing device to manipulate the snare. 
e Advance the snare catheter up to the snare and pin the 
coil as the snare is compressed. 
e Advance the catheter rather than pulling back on 
snare once the snare has caught on the coil. 
e Extract the entire unit maintaining pressure on the 
snare with forward pressure on the catheter. 
36-year-old male with right internal jugular-tunneled 
dialysis catheter fragment lodged in superior vena cava. 
Steps to follow in using snare to retrieve dislodged 
catheter fragment: 
If free end of catheter is accessible, use snare 
technique. 
e Position the snare beyond the free edge of the cathe- 
ter fragment. 
e Use torquing device to manipulate the snare. 
e Advance the snare catheter up to the snare and pin the 
fragment as the snare is compressed. 
e Advance the catheter rather than pulling back on 
snare once the snare has caught on the fragment. 
e Extract the entire unit maintaining pressure on the 
snare with forward pressure on the catheter. 
If free end is NOT accessible, use one of the two 
methods described below. 
Femoral approach — Use retrieval forceps from a fem- 
oral approach using an appropriate sheath/introducer. 
e Position the retrieval forceps at target site. 


(c) 


(d) 
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e Push the button on the handle to open the jaws of the 
forceps and engage the foreign body. Avoid trauma- 
tizing the vessel wall in the process. 

e Close the jaw of the forceps by pulling the button of 
the handle assembly backward. Maintain pressure to 
assist in removal. 

e Pull back the retrieval forceps into the sheath and 
remove as one unit. 

e If multiple fragments have to be removed, rinse the 
forceps with heparinized saline between withdrawals. 
Alternative approach — Fragment is engaged with a 

deflecting catheter/wire, and once the free end of the 

fragment is exposed, it is retrieved using a loop snare 
using the technique described before. 

40-year-old female with left brachiocephalic fistula and 

straight FLAIR stent placed in cephalic arch which 

migrated 

Approaches — retrieve stent and pull back or trap with 
another stent. 

Reason for migration — poorly sized stent and insuf- 
ficient wall contact 

Steps to follow in using snare to retrieve a migrated 
stent: 

Balloon + Snare approach’ 

e Pass the wire through the stent. 

e Pass an appropriately sized angioplasty balloon and 
inflate the balloon. 

e Deploy the snare and snare the balloon and stent 
together. 

e Extract the entire unit maintaining pressure on the 
snare with forward pressure on the catheter. 
Snare-only approach — If free end is accessible: 

e Position the snare before/behind the free edge of the 
stent. 

e Use a torquing device to manipulate the snare. 

e Advance the snare catheter up to the snare and pin the 
edge as the snare is compressed. 

e Advance the catheter rather than pulling back on 
snare once the snare has caught on the fragment. 

e Extract the entire unit maintaining pressure on the 
snare with forward pressure on the catheter. 

73 years male with dysfunctional right internal jugular- 

tunneled dialysis catheter. 

Initial fluoroscopic image showed tip of catheter high 
up in the SVC. 

Snares can also be utilized for repositioning of mal- 
positioned catheters. 

Steps to repositioning of catheter using a snare: 

e Position the snare beyond the free edge of the catheter, 
using a femoral approach. 


4See footnote 1. 
>See footnote 1. 
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e Use torquing device to manipulate the snare. 

e Advance the snare catheter up to the snare and pin the 
edge as the snare is compressed. 

e Withdraw the catheter rather than pulling back on 
snare once the snare has caught the free edge of the 
catheter. Avoid using excessive force while pulling as 
it may tear the catheter. 

e Position the tip of the catheter using the snare under 
fluoroscopy guidance. 


28.8 Coding 


Please refer to the current ASDIN manual for coding to get 
the latest updates on coding. 


The current recommendations for coding are 37203 for 


transcatheter percutaneous removal of foreign body and 
75961 for radiological supervision and interpretation. 


Conclusion 

This chapter has provided an overview of indications, 
described different retrieval devices and modes of usage, 
and focused on access specific scenarios from personal 
experiences and extensive literature review. 

Techniques for extraction of intravascular foreign bod- 
ies have undergone significant changes over the years. 
With the increase in number and complexity of endovas- 
cular procedures and given the low incidence of morbid- 
ity with an endovascular approach to foreign body 
retrieval compared to surgery, endovascular modes of 
retrieval have developed into an important part of the 
arsenal as an interventionist. 
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Every drug increases and complicates the patient’s condition. 


29.1 Clinical Vignette 

Mr. Wilson is a 50-year-old male with end-stage renal dis- 
ease (ESRD), hypertension, and diabetes mellitus type 2 
(DM 2). He is referred from another nephrology practice for 
a clotted right upper extremity AV graft. This is the first time 
his graft has clotted. He has never had a contrast study 
before. He denies any history of an allergic reaction to medi- 
cations. The thrombectomy procedure (declot) including 
potential complications is explained to him. The initial 
30 minutes of the procedure are uneventful. The central ves- 
sels are noted to be patent using 15 cc of a radiocontrast 
agent. However while attempting to pass the Fogarty catheter 
through the arterial anastomosis, he starts coughing and 
informs you that he feels his “throat is swollen.” The proce- 
dure is stopped and you note that his face and the area around 
his eyes are swollen! 


29.2 Introduction 

The clinical scenario described above is by no means an 
uncommon occurrence. It has been estimated that more than 
50 million radiographic contrast medium (RCM) administra- 
tions are made worldwide each year [1, 2]. With more than 
ten million radiological procedures requiring RCMs within 
the USA [3], the probability of witnessing an allergic reac- 
tion to contrast agents is certainly high. It is therefore the 
dual intent of this chapter to expose interventional nephrolo- 
gists to the clinical manifestations of allergic reactions to 
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contrast agents and provide them with an understanding of 
its management. 


29.3 Classification of Radiocontrast Agents 


Tri-iodinated benzoic acid derivatives by nature, RCMs are 
either monomers or dimers. A monomer contains a single 
benzene ring with three iodine atoms, while a dimer contains 
two benzene rings with six iodine atoms. The iodine is 
responsible for providing radiographic contrast with the sur- 
rounding tissues. Depending on their ability to dissociate in 
solution (thereby producing an anion and a cation), they may 
be ionic or nonionic. Thus four classes of derivatives are 
present — ionic monomers, nonionic monomers, ionic dimers, 
and nonionic dimers. In interventional nephrology, the pre- 
dominant RCMs used are nonionic monomers (e.g., ioxilan) 
and nonionic dimers (e.g., iodixanol). Lastly, based on their 
osmolality (Table 29.1), they are classified as: 

1. High-osmolar contrast media (HOCM): These have 
osmolalities ranging from 1,200 to 2,400 mOsm/kg and 
are ionic monomers. 

2. Low-osmolar contrast media (LOCM): These have osmo- 
lalities between 600 and 860 mOsm/kg and are either 
ionic (dimers) or nonionic (monomers). 

3. Iso-osmolar contrast media (IOCM): These have an 
osmolality (290 mOsm/kg) close to the plasma osmolal- 
ity and are nonionic dimers. 


Table 29.1 Classification of contrast agents 


Classification Contrast agent 
High-osmolar agents (ionic 


monomers) 


Iothalamate meglumine (Conray) 


Low-osmolar agents 
Tonic dimer Toxilan (Oxilan) 
Nonionic monomer Ioxaglate (Hexabrix) 


Iso-osmolar agents(Nonionic 
dimer) 


Iodixanol (Visipaque) 
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29.4 Pharmacokinetics 


The commonly used RCMs in the interventional suite are 
chemically nonreactive with very limited protein binding [4]. 
They are not metabolized and are primarily excreted unchanged 
in the urine by glomerular filtration [5]. Only 1-2 % is excreted 
via the gastrointestinal and biliary system. They have a half-life 
of 1-2 h in those with normal renal function [4]. In those with 
impaired renal function, 20-30 % of the agent is eliminated by 
the gastrointestinal and biliary system, and their elimination 
half-life is delayed into hours. These agents are completely dia- 
lyzable in 2—3 hemodialysis sessions [5]. 


29.5 Incidence 


The incidence of reactions varies with the osmolality of the 
RCM, such that reactions tend to be fewer as the osmolality 
of the agent decreases. The incidence of mild allergic reac- 
tions to HOCM varies from 5 to 15 % [6, 7], whereas with 
LOCM it is between 1 and 3 % [6, 7]. Moderate reactions to 
HOCM have an incidence of 1-2 % in contrast to 0.2-0.4 % 
with LOCM [6, 8]. The incidence of severe reactions with 
HOCM is 0.2—0.06 % [6], while with LOCM it is 0.04 % [8]. 
Fatal reactions are thankfully rare and occur at the rate of 
1/100,000 with both types of agents [9]. 


29.6 Classification of Allergic Reactions 


Clinically, allergic reactions may be classified based on their 

severity (Table 29.2), organ system involvement, or timing 

of the reaction. 

(a) Based on the severity of the reaction, they are 
classified as: 

1. Mild: These are self-limiting and no treatment is 
required. 

2. Moderate: These can potentially become life threat- 
ening and require treatment. 

3. Severe: These are life threatening and therefore need 
hospitalization. 

4. Fatal 

(b) These reactions may also be described based on the 

organ-specific involvement (Table 29.3). 

An alternative, Ring and Messmer classification [10] 
involves four organ systems and is used to grade moder- 

ate to severe reactions (Table 29.4). 

(c) Based on timing, allergic reactions are classified as: 

1. Immediate reactions: These occur within the first hour 
of RCM administration [2]. Immediate reactions com- 
prise two-thirds of all reactions [11] and are classified 
as anaphylactoid or non-anaphylactoid (chemotoxic 
reaction) based on their pathogenic mechanisms [3]. 

2. Delayed reactions: These occur | h to 7 days after 
RCM administration [4]. 
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Table 29.2 Allergic reactions classified based on severity 


Mild Moderate Severe 
Dizziness Bronchospasm (mild) Convulsions 
Headache Head/chest/abdominal Cyanosis 
pain 
Nausea/vomiting Hypo-/hypertension Paralysis 
Pain at injection site Severe vomiting Profound 
hypotension 
Rash/pruritus Tachy-/bradycardia Unresponsiveness 
Urticaria (limited) Thrombophlebitis Cardiopulmonary 
arrest 
Warmth Cutaneous reactions/ Pulmonary edema 
extensive urticaria 
Diaphoresis Facial and laryngeal Arrhythmias 


edema 


Table 29.3 Allergic reactions classified based on organ involvement 


Organ system Signs and symptoms 


Cardiovascular Hypotension, hypertension, tachy- or 
bradycardia, cardiac arrest, arrhythmia, chest 
pain 

Respiratory Laryngeal edema, pulmonary edema, dyspnea, 
wheezing 

Gastrointestinal Vomiting, diarrhea, nausea, abdominal pain 

Neurological Convulsions, headache, confusion 

Skin Erythema, urticaria, angioedema, pruritus, 
maculopapular rash 

Salivary gland Parotitis 

Kidney Contrast-induced nephropathy 


Table 29.4 Ring and Messmer classification of allergic reactions 


Grade Skin Abdomen Respiratory Cardiovascular 

1 Erythema 
Urticaria 
Angioedema 

2 Erythema Nausea Dyspnea Tachycardia 
Urticaria Cramping Hypotension 
Angioedema Arrhythmia 

3 Erythema Vomiting Bronchospasm Shock 
Urticaria Diarrhea Cyanosis 
Angioedema Laryngeal edema 

4 Erythema Vomiting Respiratory Cardiac arrest 
Urticaria Diarrhea arrest 
Angioedema 

29.7 Immediate Reactions 


29.7.1 Anaphylactoid Reactions 


Anaphylactoid reactions by pathogenesis are non-IgE medi- 
ated. They are idiosyncratic and unpredictable, occurring 
independent of the dose administered. They do not require 
any prior exposure. Majority of these reactions are believed 
to be secondary to the release of preformed mediators such 
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Table 29.5 Non-anaphylactoid reactions 


Manifestations 
Arrhythmia 
Neurotoxicity 


Physiochemical properties 
Ionicity [3, 5] 

High osmolality [3, 5, 18, 19] Renal injury 

Hypotension 

Tachycardia 

Sickling 

Flushing 

Hyperkalemia 

Pain, warmth sensation 
Pulmonary edema, heart failure 
High viscosity [3] Pain during injection 
Iodine concentration [3, 20] Hyperthyroidism 

Thyroid storm 

Suppression of I-131 uptake 


as histamine from basophils and eosinophils and tryptase 
from mast cells [12]. This release may occur by direct inter- 
action with cell membrane receptors of mast cells and baso- 
phils; by the generation of anaphylatoxins (C3a, CSa); 
activation of cascade pathways such as the kinin, coagula- 
tion, and fibrinolytic systems; and complement activation by 
enzyme induction [13]. Mast cell activation and the subse- 
quent liberation of various vasoactive mediators (histamine, 
leukotrienes) as well as collagen-degrading compounds 
(tryptase) can precipitate angina and myocardial infarction 
that has been named the Kounis syndrome [14]. In approxi- 
mately 4 % of cases, the reactions may in fact be IgE medi- 
ated [15, 16]. In these patients, the reactions are severe and 
anti-RCM IgE antibodies have been demonstrated [13, 17]. 


29.7.2 Non-anaphylactoid Reactions 


These reactions are related to the physiochemical properties 
of the RCM such as ionicity, osmolality, viscosity, and iodine 
concentration [3]. They are predictable and dose dependent. 
Table 29.5 provides an overview of such reactions. 


29.7.3 Risk Factors 


While these reactions are more common in women [21] and 
those between 20 and 50 years of age [8, 21], it is the coexist- 
ing comorbid conditions in the elderly that predispose them 
to severe reactions. Risk factors for death include the 4 Ws: 
white, women, wrinkled (elderly), and weakened (debilitat- 
ing medical conditions) [8]. A history of a previous reaction 
increases the risk for a recurrent reaction by a factor of 5 for 
both ionic and nonionic media [22, 23], while a switch from 
an ionic to a nonionic RCM results in a 4-fold reduction in 
the incidence of repeat reactions [22]. Anxiety may contrib- 
ute to vasovagal reactions which can mimic an allergic reac- 
tion [3]. Debilitated and medically unstable patients are 
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Table 29.6 Risk factors for contrast media reactions 


History of allergies: 2-3x increased risk [3, 8, 13, 21] 

Pulmonary conditions: asthma (2—6x increased risk) [3, 8, 24, 25] 
Heart disease [3, 26] 

Hematological conditions: myeloma, sickle-cell anemia [8, 25] 
Drugs : NSAIDS, f-blockers, interleukin-2 [8, 25] 

History of previous contrast reactions: 3-5x increased risk 

fs, 13, 22, 23] 

Endocrine conditions: thyroid disease, pheochromocytoma [3] 
Renal insufficiency [3, 8] 

Anxiety [3, 13, 25] 


more prone to non-anaphylactoid reactions [7]. Table 29.6 
provides a list of risk factors. 


29.8 Delayed Reactions 


These are T cell mediated and occur 1 h to 7 days after con- 
trast injection. Majority however occur after a latent period 
of 3 h to 2-3 days [1, 27]. The incidence of delayed reac- 
tions is 2-3 % when followed for a week after contrast 
administration [1]. Since these reactions may occur a week 
later, other drugs that patients are on or have been initiated 
later on are usually blamed. These reactions are more fre- 
quent with iso-osmolar agents [28, 29]. Manifestations 
include dermatological, respiratory, or gastrointestinal 
though dermatological (maculopapular exanthema followed 
by urticaria and angioedema) manifestations are the most 
common [27]. Serious reactions occur with a frequency of 
0.004—0.008 % [1] and include erythema multiforme, fixed 
drug eruptions, Stevens-Johnson syndrome, toxic epidermal 
necrolysis, and cutaneous vasculitis [1]. There is no evi- 
dence so far indicating that those with a history of delayed 
reaction are at risk for an immediate reaction [1, 21]. Rarely, 
patients may have features of both immediate and delayed 
reactions [1, 3]. 


29.8.1 Risk Factors 


Risk factors for delayed reactions include women, adults in 
the third to fifth decades, those on interleukin-2 therapy, and 
those of Japanese descent [3, 6, 30]. The recurrence rate in 
those with a previous reaction varies between 13 and 27 % 
[30, 31]. In fact, on reexposure, a repeat reaction occurs ear- 
lier (within 1-2 days) and may be more severe than the initial 
reaction [1, 27]. Those with a history of allergy have a two- 
fold risk of such reactions [27]. Reactions appear to be com- 
mon during the pollen season [27]. Comorbid conditions like 
diabetes and cardiac, renal, and liver disease also predispose 
to delayed reactions. Systemic lupus erythematosus patients, 
those on hydralazine, and bone marrow transplant recipients 
have been reported to have severe skin reactions [32]. It has 
been suggested that since this is a T cell-mediated reaction, 
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patients with an active viral or autoimmune disease are at an 
increased risk for a reaction [1]. 


29.9 Clinical Vignette 
29.9.1 lodide Mumps 


A 60-year-old African American woman with hypertension, 
DM 2, and ESRD on dialysis with a right internal jugular 
vein tunneled catheter was referred to the vascular access 
clinic for a workup for the placement of a vascular access. 
She has a history of a previous left internal jugular catheter 
as well as failed accesses in both upper arms. A CT with 
contrast was done to evaluate the vasculature of both lower 
extremities. Two hours after the procedure, she complained 
of painful swellings below her lower jaw. On examination, 
she was noted to have tender, swollen submandibular glands 
bilaterally (Fig. 29.1)! 

First described by Sussman and Miller in 1956 [33], 
iodide mumps is characterized by painful swelling of the 
salivary glands after contrast administration. Onset varies 
from a few minutes to 5 days after contrast administration 
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[34]. Other clinical features include photophobia, dyspnea, 
lacrimal gland enlargement, thyroiditis, and facial nerve 
paralysis [34, 35]. Ultrasound demonstrates diffuse 
enlargement of the glands with prominent ducts and 
increased vascularity [36]. Renal failure is a risk factor. 
Normally 98 % of the contrast media is excreted unchanged 
in the urine, while 2 % is excreted from the liver and sali- 
vary, lacrimal, and sweat glands [33]. With renal failure, 
the elimination half-life increases from 60 min to 20-140 h 
[5]. Contrast media contain a small amount of inorganic 
iodide and a large amount of organically bound iodine. In 
renal failure, the retained iodine undergoes deiodination to 
nonorganic iodide which accumulates in the ducts of the 
salivary glands and induces inflammation [33, 34, 37]. 
Treatment consists of analgesics [33] and 2-3 sessions of 
hemodialysis to remove these agents completely [5, 33] 
(Fig. 29.2). In patients without renal failure, the reaction 
may spontaneously subside within a few days. Switching 
contrast media does not help, and premedication with ste- 
roids and antihistaminics does not prevent a recurrence 
[35]. This condition is not a contraindication for recurrent 
contrast administration as no serious reactions have been 
described [33, 35]. 


Fig. 29.1 Iodide mumps 


Fig. 29.2 Resolution post dialysis 
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29.10 Seafood Allergy and Contrast Media 


There is a prevalent misconception amongst physicians that 
seafood allergy predisposes one to a disproportionately 
higher risk for contrast reactions. How this started is not 
entirely clear. However, the perception has been around at 
least since the 1970s. Witten et al. in 1973 and later Shehadi 
in 1975 reported on this association. They reported that 
6-15 % of their study population with seafood allergy also 
had an allergic reaction to RCM. Interestingly, a similar per- 
centage of people with allergies to other food products also 
had a reaction to RCMs [38, 39]. It is plausible that physi- 
cians of their own accord then concluded that iodine was the 
culprit in these allergic reactions [38]. Iodine is an essential 
trace mineral, and therefore it is unlikely that people are 
allergic to iodine itself. The iodine atom while too small to 
initiate an antigen-antibody reaction might act as a hapten 
[40]. In vitro animal studies have shown that iodine can 
induce the formation of iodinated protein antigens under cer- 
tain conditions and this can generate an immune response 
[41]. While it is true that a history of allergy or atopy 
increases the risk of a reaction to RCM (2-3 times that of 
general population), seafood allergy does not disproportion- 
ately increase the risk. In fact, from Shehadi’s study, 85 % of 
those with seafood allergy did not have an adverse reaction 
to RCM [39, 40]. People allergic to seafood have IgE directed 
either toward parvalbumin (fish protein) or tropomyosin 
(shellfish protein). Hence people who are allergic to shellfish 
(crustaceans and mollusks) can eat scaled fish. It is important 
to differentiate seafood allergy from seafood intolerance. 
The latter occurs after the ingestion of food rich in histamine 
together with drugs or alcohol that inhibits histaminases. The 
increased histamine concentration causes a pruritic skin rash, 
diarrhea, and bronchospasm [42]. Hence patients with sea- 
food allergy should always be questioned about the nature of 
their reaction. There is also no relationship between contact 
dermatitis to iodine-containing antiseptics and anaphylac- 
toid reactions to contrast media [40]. 


29.11 Prevention of Allergic Reactions 


Forewarned, forearmed; to be prepared is half the victory. 
—Miguel de Cervantes Saavedra 


The risk of adverse reactions has decreased dramatically 
with the use of low-osmolar nonionic contrast media. 
However, adverse reactions can occur at any time even in 
patients who have no previous history. Hence the dictum 
in the suite should be “BE VIGILANT, BE PREPARED!” 
Certain precautionary steps can be taken to minimize this 
risk, beginning with a focused history. Inquire into the indi- 
cation for the procedure. In those with a history of a severe 
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reaction, the use of an alternative radiographic modality is 
justified. Assess risk factors and the manifestation as well 
as circumstances of any previous reaction. Keep in mind 
that the etiological differential for a reaction may include 
other drugs that may have been given during the proce- 
dure like antibiotics and narcotics or maybe secondary to 
the use of latex gloves [43]. A history of a severe reaction 
and non-cardiogenic pulmonary edema are contraindi- 
cations to the use of RCMs [17, 44]. If the culprit RCM 
is known, then utilization of another class of RCMs or a 
structurally different RCM has been advocated [1, 12, 21]; 
for example, an iso-osmolar RCM may be used in place 
of LOCM. An important caveat to remember is that since 
many of the RCMs cross-react, this may not definitely pre- 
vent a reaction [1, 11, 45]. Note the medications the patient 
is on, as these may worsen some of the manifestations of 
an adverse reaction. For example, the duration and severity 
of anaphylactoid symptoms may be particularly prolonged 
and severe with prior use of B-blockers [3, 46]. Anxiety is a 
well-known contributor to an adverse reaction. Going over 
the procedural steps and informing the patient what he or 
she may encounter during the procedure goes a long way 
in alleviating anxiety [25]. Once the patient is in the suite, 
good IV access must be secured. All personnel involved in 
the procedure should be well versed with the manifestations 
of various adverse events. It is very important to identify the 
symptoms early. Mild reactions if not picked up early may 
progress to more severe reactions. In addition, if noted early, 
lower doses of resuscitative medications may be utilized to 
control symptoms and prevent untoward side effects [7]. 
Since most of the serious reactions occur in the first 20 min 
after contrast injection, it is important to observe a patient 
for at least 30 min after RCM administration in order to 
identify early symptoms of a reaction [47]. A well-stocked 
crash cart along with other functioning resuscitative equip- 
ment and up-to-date basic life support (BLS) and advanced 
cardiac life support (ACLS) certification of all the members 
of the interventional team is mandatory. 

As the overall incidence of anaphylactoid reactions is low, 
the American College of Radiology (ACR) has advocated 
the use of antihistaminics and steroids in those with a history 
of moderate to severe reactions [12]. However, Bierry [48] 
argues that premedication should be administered to anyone 
with a history of a reaction irrespective of severity. The ratio- 
nale being that in patients with a prior history of a mild to 
moderate reaction, a severe life-threatening reaction could 
occur on subsequent reexposure to RCM. The initial study in 
1987, Lasser et al. showed that premedication decreases the 
risk of adverse reactions when used with HOCM [49]. 
Methylprednisolone was given in two doses, 32 mg PO at 
12 h and at 2 h prior to the procedure. This study reported 
that steroids given as a single dose 2 h before a procedure did 
not offer any protection. In 1994, Lasser et al. reported that 
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Table 29.7 Premedication protocols [3] 
1. Prednisone 50 mg PO at 13, 7, and 1 h prior to the study + 
diphenhydramine 50 mg IV/PO/IM 1 h prior to study 


2. Methylprednisolone 32 mg PO at 12 and 2 h prior to study with or 
without diphenhydramine 50 mg 1 h prior to study 


3. In an EMERGENCY or when unable to take PO: hydrocortisone 
200 mg immediately IV and q 4 h with IM/IV diphenhydramine 
50 mg 1 h prior to study. H2 blocker (1 h before study) optional. 
Use LOCM 


using the 2-dose protocol of steroids also decreased the inci- 
dence of adverse reactions when LOCM was used [50]. The 
study also demonstrated that this protocol should be started 
at least 6 h prior to a procedure for any benefit. Golberger 
et al. used a three-dose protocol, prednisone 50 mg given 13, 
7, and 1 h prior to a procedure along with 50 mg diphenhydr- 
amine (1 h before a procedure) and use of a LOCM in 
patients with a previous reaction to HOCM [51]. This proto- 
col also decreased the number of total adverse reactions. 
However, not everyone is in favor of premedication sighting 
flaws in previous studies on premedication, extra costs and 
side effects from premedication, delay or postponing of the 
procedure till the patient has been premedicated, and possi- 
bly neglecting appropriate patient evaluation and treatment 
while premedicated [47, 52]. In addition, breakthrough reac- 
tions occur in 10 % of patients despite premedication [53]. 
These reactions tend to be similar to the original reaction in 
a majority of patients, but in 10 % of cases the reaction may 
increase in severity [53, 54]. If the previous reaction is mild, 
then in 70-90 % the breakthrough reactions are also mild 
(53, 54]. If the initial reaction is moderate or severe, then in 
40-60 % the breakthrough reaction will be of similar sever- 
ity [54]. Table 29.7 provides a list of the different premedica- 
tion protocols. H2 blocker use is optional. There are a few 
things to be aware of on premedication. Steroids have to be 
given at least 6 h for it to be effective. Steroids have been 
shown to decrease the number of circulating basophils and 
eosinophils as well as levels of histamine. These effects are 
maximal after 4—8 h of administration [55]. In addition, ste- 
roids increase functional C1 esterase inhibitor level which 
inhibits activated factor XII (Hageman factor) thereby inhib- 
iting the formation of bradykinin [56]. Steroids must be used 
cautiously in those with a history of psychosis and those with 
a history of acid peptic disease or diverticulitis within the 
past year [57]. Avoid them in patients with systemic infec- 
tions [58]. Do not use H2 blockers in the absence of H1 
blockers as this may cause coronary vasoconstriction from 
unopposed H1 stimulation in the presence of a histamine 
surge [7]. Always use the smallest volume of RCM during a 
procedure. Table 29.8 provides a brief protocol that can be 
followed in high-risk individuals. Steroids are of no benefit 
in chemotoxic reactions [59]. Drug rechallenges and test 
doses are not recommended as they can be fatal [60]. Patients 
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Table 29.8 Steps to prevention an adverse reaction 


= 


. Identify at risk individuals 


2. Inquire as to the nature of the previous reaction, keeping in mind 
the differentials 


3. Consider other non-contrast modalities that can be used instead 
of RCM 

4. Stop B-blockers if possible prior to study 

5. Premedicate with steroids and antihistaminics (H2 blocker 
optional) 

6. Use a structurally different LOCM agent or switch from LOCM 
to IOCM 

7. Use small amounts of RCM and lowest doses when possible 


oo 


. Minimize anxiety 
9. Be prepared for breakthrough reactions which may be severe 
10. Refer to an allergologist 


may be referred to an allergologist to evaluate if the reaction 
is in fact IgE mediated [15, 61]. 

In patients with a previous history of a delayed reaction, 
avoid the offending agent if known and use a structurally dif- 
ferent RCM [4]. However, reactions can still occur because 
of cross-reactivity between RCMs [4]. It is advisable to refer 
the patient beforehand to an allergologist so that cross- 
reacting RCMs may be detected and avoided [1]. Watanbe 
et al. have recommended the use of IV steroids after an 
imaging study [62]. Romano et al., in 2002, used a combina- 
tion of 100 mg PO of cyclosporine and 40 mg IM of methyl- 
prednisolone daily, 1 week prior to and 2 weeks after a 
contrast study. No antihistaminics were used [4]. 
Premedication with steroids and antihistaminics is beneficial 
in patients on IL-2 therapy [63]. 


29.12 Treatment of Reactions 


If there is any early evidence that a reaction has started, it is 
imperative to stop the interventional procedure immediately 
and assess the symptoms. Talk to and reassure the patient. 
Check vitals and oxygen saturation and ensure oxygen flow. 
Rule out hypoglycemia. Record the symptoms of the reac- 
tion, the amount of RCM given, and the time to the reaction 
after administration of RCM. Once treatment has been initi- 
ated, note the response to treatment as well. Remember many 
of the treatment protocols require 6—10 L/min of oxygen by 
mask to be initiated. Epinephrine (1:1,000) is the initial drug 
of choice in most of the serious reactions. This must be given 
intramuscular (IM) in the lateral aspect of the thigh. 
Knowledge amongst radiologists and trainees is surprisingly 
poor with regard to appropriate management in such situa- 
tions [64, 65]. In a telephone survey of radiologists from 
Canada and the USA, none were able to provide the ideal 
response to a case scenario of a severe allergic reaction, and 
less than 50 % provided an acceptable administration route, 
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Table 29.9 Reactions and their management 


Clinical diagnosis 
Urticaria 
Transient, scattered 


Protracted, scattered 


Severe 


Facial or laryngeal 
edema 


Nausea, vomiting 
Bronchospasm 
Mild 


Severe 


Hypotension with 
bradycardia (vagal 
reaction) 


Generalized 
anaphylactoid reaction 
(severe bronchospasm, 
hypotension, 
laryngospasm, 
angioedema) 


For patients on 
B-blockers, instead of 
adrenaline 


Management [7, 12, 21, 23, 25, 65] 


Observe (may progress to severe reaction) 
Mark areas involved 

Supportive care 

Diphenhydramine 25-50 mg IV/ IM, q 
2-3 h 

Diphenhydramine 25-50 mg IV/ IM, q 
2-3 h 

Cimetidine 300 mg IV, q 6-8 h 
Adrenaline (1:1,000) 0.1-0.3 mL 

(0.1-0.3 mg) SQ/IM*", q 6-8 h 

Admit 

Consult dermatologist and an allergologist 
Oxygen by mask (6-10 L/min) 
Adrenaline (1:1,000) 0.1-0.3 mL SQ/IM?” 
Airway suction 

Call code team if severe 

Admit 


If facial edema is mild without 
progression, then observe only 


Diphenhydramine 25 mg IV/IM 


Oxygen by mask (6-10 L/min) 
§2-adrenergic agonist nebulization q 4 h 
Oxygen by mask (6-10 L/min) 
§2-adrenergic agonist nebulization q 4 h 


Adrenaline (1:1,000) 0.1-0.3 mL IM®, q 
10-15 min 


Admit 

Elevate patient’s leg 

Oxygen by mask (6-10 L/min) 
IV fluids 


Atropine 0.6-1 mg IV (repeat to a 
maximum does of 3 mg, q 3-5 min) 


Call code team 

Oxygen by mask (6-10 L/min) 
Airway suction 

Leg elevation 

IV fluids 

§2-adrenergic agonist nebulization 
Diphenhydramine 25-50 mg IV/IM 
Cimetidine 300 mg IV, q 6-8 h 
Hydrocortisone 500 mg IV 
Adrenaline (1:1,000) 0.5 mL IM}? 
Admit 


Glucagon 1-5 mg IV and then infusion 
5-15 pg/min 

or 

Isoproterenol (1:5,000 solution, 0.2 mg/ 
mL) IV (diluted to 10 mL normal saline). 
Give 1 mL/min (20 ug) increments 


‘IM to be given in the lateral aspect of the thigh 


’To give adrenaline IV (use 1:10,000 solution) 1 mL (0.1 mg) under 
EKG monitoring. Give slowly over 2-5 min, up to 3 mL/dose. Repeat 


in 5—30 min as needed 
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concentration, and dose of epinephrine, while 17 % provided 
an overdose [64]. Hence patients may not be receiving appro- 
priate therapy. Therefore it is useful to have laminated plac- 
ards of common reactions with drug doses and administration 
routes available for quick reference (Table 29.9). Patients on 
nonselective B-blockers may pose a special situation. 
Epinephrine has both a- and B-agonist properties. B-receptor 
sites need smaller doses of epinephrine than do the «-receptor 
regions. When given subcutaneously or slowly IV, the 
B-agonist property predominates while giving it rapidly IV, 
and in larger doses, its a-agonist property predominates [7]. 
Therefore, if the appropriate B-adrenergic response (bron- 
chodilation) is not obtained, the physician may give more 
epinephrine thereby producing unwanted «a-adrenergic 
effects. Hence it may be better to use isoproterenol (B1- and 
62-agonist). Asthmatic patients who are on chronic B-agonist 
medications will require larger doses of B-agonist medica- 
tions possibly secondary to desensitization [7]. Steroids gen- 
erally have no role in an acute reaction except for reducing 
the severity of delayed symptoms. 

Management of delayed reactions is symptomatic as the 
reactions are mostly mild and self-limiting. Localized reac- 
tions may need emollients and steroid creams. However, 
serious skin reactions will need systemic steroids and anti- 
histaminics. Dermatological evaluation may be warranted. 

Once treated, a record of the incident must be made in the 
patient’s chart, and he/she must be informed about the RCM 
that caused the reaction. Some have suggested the patient wears 
a bracelet to warn other physicians of such a reaction [47]. 


29.13 Allergic Reactions to Drugs Used 
in Conscious Sedation 


In interventional nephrology midazolam and fentanyl are 
used for conscious sedation. This combination is used 
because of its quick onset, short duration of action, and good 
potency in terms of pain relief and anxiolysis. While these 
drugs are safe, they do have adverse reactions that may 
mimic an allergic reaction. 


29.13.1 Opioids 


Opioids belong to four different classes [66]. These are: 

1. Phenylpiperidines, e.g., fentanyl and meperidine (Demerol) 

2. Phenanthrenes, e.g., morphine, hydromorphone 
(Dilaudid), codeine, hydrocodone (Lortab, Vicodin), and 
oxycodone (Oxycontin) 

3. Diphenylheptanes, e.g., methadone and propoxyphene 
(Darvon) 

. Benzomorphans, e.g., pentazocine (mixed agonist/antag- 

onist effect) 
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When a patient states that he/she is allergic to an opioid, 
they are usually referring to a pharmacologic action of the 
opioid that occurred unexpectedly. This occurs in more than 
80 % of the cases and is not a true allergy [67]. True opioid 
allergy is rare [67]. Besides the parent compound, an allergy 
may also be related to the preservative used [68]. Immune- 
mediated reactions are IgE or T cell mediated and present 
similar to RCM reactions. 

Patients with a true allergy to a particular opioid should 
be treated with a non-opioid analgesic or with a structurally 
different opioid with close monitoring (see above classifica- 
tion) [67]. It is believed that cross-reactivity between differ- 
ent classes is low. However, there is evidence that a patient 
maybe allergic to more than one class of derivatives [69]. 
Pentazocine is related to morphine, and from a practical per- 
spective, it is useful to consider the first three classes only 
when considering a substitution [70]. 

Pseudoallergic reactions secondary to direct release of 
mediators (e.g., histamine) from mast cells are more com- 
mon [71]. Codeine, meperidine, and morphine are the usual 
culprits [67, 72]. They characteristically affect skin mast 
cells and not those present in the lung. Hence only cutaneous 
reactions are noted rather than bronchospasm [73]. If respi- 
ratory symptoms do occur in an “anaphylactoid reaction,” it 
should be considered an immune-mediated reaction [74]. 
These reactions are related to the potency of an opioid [75]. 
Potent derivatives (like fentanyl) are less likely to produce 
such a reaction as less amount of drug is present at the mast 
cell membrane [73]. 

There are a few treatment options in such cases. These 
include: 

e Use of non-opioid analgesics 
e Concurrent administration of an antihistaminic with a 
reduced dose or a slow rate of infusion of culprit opioid 

[72] 

e Use of more potent opioid at a low dose and slow rate of 
infusion 
— The relative potency of IV opioids from high to low 
are: 
Fentanyl > hydromorphone > methadone > morphine 
> meperidine [76, 77]. 

— The relative potency of PO opioids from high to low 
are: 
Hydromorphone > Oxycodone and methadone > 
hydrocodone and morphine > codeine [76, 77]. 


29.13.2 Midazolam 


Severe allergic reactions (anaphylactic and anaphylactoid) 
can occur with midazolam, though these are rare [78, 79]. 
Some of the well-known adverse reactions like laryngo- 
spasm, respiratory depression, and respiratory arrest [78] can 
be mistaken for a severe reaction. Other adverse reactions 
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include chest wall rigidity and paradoxical agitation. 
Respiratory depression and respiratory arrest are precipitated 
when the drug is given rapidly as a bolus [80]. To avoid this, 
the drug should be given slowly IV over 2 min! [80, 81]. 
Flumazenil can reverse only some of the adverse effects like 
laryngospasm, sedation, and paradoxical agitation [81, 82]. 
In the elderly and those with hepatic and renal impairment, 
the duration of action of midazolam is prolonged from 1 to 
4 h [81]. Consequently, re-sedation and respiratory depres- 
sion may recur in spite of treatment with flumazenil as its 
half-life is shorter than that of midazolam [81]. Therefore 
patients must be monitored for at least 1 h after the last dose 
of midazolam [83]. Repeated doses of flumazenil may be 
needed to reverse sedation. Like RCMs, skin testing is 
required to prove a true allergic reaction. 


29.14 Clinical Vignette 
29.14.1 Contrast-Induced Nephropathy 


A 74-year-old African American male with a past medical his- 
tory of hyperlipidemia, hypertension, and CKD stage 3 with 
baseline serum creatinine of 1.5 mg/dL presents to the emer- 
gency department complaining of chest pain associated with 
shortness of breath for the past 3 h. The patient was noted to 
have new T-wave inversions in II, Il, and AVF. Subsequent 
laboratory testing confirmed a myocardial infarction (troponin 
I-15.0 ng/mL). Therapy of acute coronary syndrome was ini- 
tiated which included aspirin, clopidogrel, nitrates, and intra- 
venous heparin. The patient was taken emergently for a left 
heart cardiac catheterization and received iodixanol contrast. 
A lesion of the right coronary artery was identified. One drug- 
eluting stent was placed, and a total of 250 mL iodixanol con- 
trast was used during the entire procedure. After 48 h post 
cardiac catheterization, the creatinine increased to 2.0 mg/dL 
accompanied by a decrease in urine output. 

What are this patient’s risk factors for developing contrast- 
induced nephropathy (CIN), and what measures could poten- 
tially modify those risks significantly? This section reviews 
the recent literature on acute kidney injury that results from 
the administration of contrast media. 

The administration of radiocontrast agents is a common 
cause of acute kidney injury (AKI). Contrast-induced 
nephropathy (CIN) remains the third leading cause of 
hospital-acquired acute renal failure, after surgery and hypo- 
tension, accounting for up to 10 % of all hospitalized patients 
[84]. This is very important information to know especially 
for interventional nephrologists, cardiologist, and radiologist 
who give contrast media on a routine basis when performing 
procedures. Patients who get these procedures often have 
advanced chronic kidney disease which places them at higher 
risk for CIN. Renal failure associated with contrast carries an 
increased risk of mortality related to complications such as 
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sepsis, bleeding, and respiratory failure [84]. This grave risk 
of mortality calls for a heightened awareness of the diagnosis 
and prevention of CIN. 

CIN is defined as a sudden decline in kidney function 
after contrast administration. Typically, the serum creatinine 
begins to increase by at least 0.5 mg/dL from baseline at 
24-72 h after the administration of contrast, peaks at 
3-5 days, and requires another 3-5 days to return to baseline 
[85]. Large doses and multiple injections of contrast media 
within 72 h increase the risk of developing CIN [85]. The 
major risk factors for development of acute renal failure after 
radiocontrast administration include diabetic nephropathy, 
preexisting renal dysfunction, severe congestive heart fail- 
ure, volume depletion, hypotension, elderly age group, mul- 
tiple myeloma, intra-arterial administration of contrast, large 
doses and multiple injections of contrast within 72 h, con- 
comitant treatment with ACE inhibitors, NSAIDS, or expo- 
sure to other nephrotoxins [86]. Preexisting renal dysfunction 
is the most documented and most significant risk factor for 
the development of CIN [87]. 

CIN seems to be related to the agent’s vasoactive properties. 
In animal models, contrast injections initially cause vasodilata- 
tion of the renal circulation, followed by potent and persistent 
vasoconstriction. The persistent vasoconstriction causes renal 
tubular injury and medullary ischemia. The exact cause of the 
injury is not well defined but involves several pathogenic fac- 
tors. The proposed mechanism may include increased vasocon- 
striction, enhanced endothelin release with increase intracellular 
calcium levels, reduced production of vasodilator prostaglan- 
dins and nitric oxide (NO), increase in oxygen free radicals 
causing direct toxic injury to the renal tubular cells, contrast- 
induced diuresis, increased urinary viscosity, and tubular 
obstruction, all leading to medullary ischemia [88-91]. 

Clinical presentation of CIN is typically nonoliguric, but in 
severe cases one can see oliguria or anuria. The urine sediment 
is usually unremarkable, and the fractional excretion of sodium 
is usually <1 %, reflecting the prerenal component of injury. 
The injury can be mild, with transient reduction of renal dys- 
function or severe enough to require hemodialysis. Strategies 
for the prevention of CIN include selection of contrast agents, 
volume of administration, pharmacologic therapy, hemodialysis 
or hemofiltration, and avoidance of concomitant nephrotoxins. 

Selection of contrast agents will be discussed first in the 
prevention strategy. In one large study of 1,196 patients, it was 
shown that patients receiving diatrizoate (HOCM ) were 3.3 
times as likely to develop CIN as those receiving iohexol 
(LOCM) [92]. Subsequent meta-analysis of 31 trials also con- 
cluded that the use of LOCM rather than HOCM was beneficial 
to patients with preexisting renal failure [93]. Chalmers and 
Jackson [94] were first to suggest that there was a decreased 
incidence of CIN with iodixanol IOCM). They looked at 124 
consecutive patients with renal impairment (estimated Ccr 
<60 mL/min) undergoing renal angiography, peripheral angi- 
ography, or both (half of whom had diabetes) and found that 
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iodixanol was 50 % less nephrotoxic than iohexol (>10 % 
increase in serum creatinine levels in 15 % of the iodixanol 
group vs. 30 % in the iohexol group; P<0.05). This was con- 
firmed by a double-blind randomized controlled study of 129 
patients by Aspelin et al. in 2003 [95], which suggested that 
high-risk patients tend to develop less contrast nephropathy by 
using IOCM, as compared with an LOCM (odds were 11 times 
lower) [95]. The effect of using high-volume IOCM on renal 
function in chronic kidney disease patients has also been inves- 
tigated. A retrospective cohort study that looked at 117 patients 
with a creatinine clearance <60 mL/min (not on dialysis) con- 
cluded that volume did not affect the incidence of CIN when 
iso-osmolar media were used [96]. The mean dose of contrast 
used was 84.3+67 mL. The average dose of contrast used in 
interventional nephrology procedures is less than 50 mL. Kian 
and Asif et al. have shown that using <20 mL of LOCM during 
access salvage procedures and venography is associated with a 
low incidence (4 %) of CIN [97, 98]. The exact mechanism as 
to why IOCM are less nephrotoxic is not very well understood. 
It has been purposed that using IOCM causes less of a diuretic 
effect. HOCM enhance distal delivery of sodium, consequently 
increasing the workload of the renal medulla causing hypoxic 
injury in addition to volume depletion [99]. 


29.1 5 Minimizing Contrast-Induced 
Nephropathy 


There are techniques proposed for minimizing the dose of 
CIN, one of which is digital subtraction angiography (DSA). 
This allows for one to see vascular structures more clearly. 
DSA achieves this by subtracting all the superimposed objects 
within the field to get a great image using low amounts of 
contrast. A second method of minimizing the dose of contrast 
media is by diluting the contrast agent with 50 % saline. 
Minimizing contrast use is particularly useful in patients with 
marginal renal function (CKD3-—5) in whom contrast nephro- 
toxicity can result in the need for hemodialysis. 

Several drug interventions have been tested in clinical tri- 
als for prophylaxis against the development of CIN. These 
will be discussed in the following section but have generated 
few significant positive results and are not widely used. At 
present, only IV hydration and avoidance of nephrotoxic 
agents are extensively used to decrease the incidence of 
contrast-induced renal dysfunction. 

Adequate hydration is the most cost effective and sim- 
plest way of preserving kidney function. High-risk patients 
should be given an IV infusion of 0.9 % saline at a rate of 
1 mL/kg/h. One must adjust the volume of infusion appropri- 
ate to the patient’s current volume status and cardiovascular 
condition. This treatment should be started 6-12 h before the 
procedure and continued for up to 12-24 h after the radio- 
graphic examination has been completed [100]. A retrospec- 
tive nested cohort study conducted in 518 patients with 
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impaired renal function (serum creatinine levels >1.9 mg/ 
dL) reported that the 76 patients who developed CIN (defined 
as an increase in serum creatinine levels >0.5 mg/dL over 
48 h) had lower blood pressure before angiography and had 
less hydration before the procedure than 82 matched controls 
[101]. Similarly, results were seen in a smaller magnitude in 
an uncontrolled study of 25 patients with chronic renal insuf- 
ficiency (serum creatinine levels >1.8 mg/dL), who received 
intraoperative hydration (550 mL/h of 0.9 % saline) and did 
not developed renal dysfunction [102]. 

Using IV bicarbonate as an alternative to normal saline has 
been studied in the prevention of CIN. A single-center random- 
ized trial of 119 patients by Merten et al. [103] showed that the 
use of sodium bicarbonate hydration was superior to sodium 
chloride. Rates of CIN were significantly lower in the sodium 
bicarbonate group (1.7 %, n=1) when compared with the 
sodium chloride group (13.6 %, n=8) when both cohorts were 
administered 154 mEq/L of either solution IV (mean differ- 
ence, 11.9 %; 95 % confidence interval (CI), 2.6-21.2 %; 
P=0.02). The study authors concluded that using bicarbonate 
ion is more efficacious than chloride and suggested that con- 
trast-induced free-radical formation (which usually causes an 
acidic environment) was abrogated by the increased pH in the 
extracellular fluid induced by sodium bicarbonate. Repeat 
studies have failed to show any benefit in using sodium bicar- 
bonate including a recent randomized prospective trial [104]. 
In this study 258 patients with renal insufficiency who were 
undergoing intravascular contrast procedures were randomized 
to receive intravenous volume supplementation with either (A) 
sodium chloride 0.9 % 1 mL/kg/h for at least 12 h prior and 
after the procedure or (B) sodium bicarbonate (166 mEq/L) 
3 mL/kg for 1 h before and 1 mL/kg/h for 6 h after the proce- 
dure or (C) sodium bicarbonate (166 mEq/L) 3 mL/kg over 
20 min before the procedure plus sodium bicarbonate orally 
(500 mg per 10 kg). The incidence of CIN was significantly 
lower in Group A (1 %) vs. Group B (9 %, P=0.02) and similar 
between Groups B and C (10 %, P=0.9). This study therefore 
concluded that volume supplementation with 24 h sodium 
chloride 0.9 % is superior to sodium bicarbonate for the pre- 
vention of CIN [104]. A meta-analysis evaluating the value of 
sodium bicarbonate as a prophylaxis for contrast-induced 
nephropathy also showed no significant benefit [105]. 

There is some evidence that reactive oxygen species play a 
role in the renal damage caused by radiocontrast agents [106]. 
N-acetylcysteine (NAC), an antioxidant, can act as a free- 
radical scavenger. NAC increases nitric oxide (NO) formation 
by increasing the expression of NO synthase and also increases 
the biologic effects of NO by combining with NO to form 
S-nitrosothiol which is a potent vasodilator [107]. NAC has 
been shown to reduce ischemic renal failure in animal models 
[108]. Tepel et al. [109] found that the incidence of contrast 
nephropathy after CT in patients with chronic renal insuffi- 
ciency was greatly decreased with NAC. Patients were given 
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1,200 mg of N-acetylcysteine per day, orally in divided doses 
on the day before and the day of administration of the contrast 
agent. This prevented the expected decline in renal function in 
all patients with chronic renal insufficiency (mean serum cre- 
atinine levels, 2.4+1.3(+ SD) mg/dL; creatinine clearance, 
<50 mL/min). However, the study was limited by its lack of 
power (n=83) and long-term follow-up. A meta-analysis of 
the use of NAC for the prevention of CIN was conducted by 
Kelly in 2008 which showed a very mild benefit [110]. The 
usefulness of using NAC in clinical practice is a matter of 
some debate. However, given the association of renal dysfunc- 
tion associated with increased morbidity/mortality rates and 
inpatient hospital stays, the use of NAC seems reasonable in 
the high-risk groups. An oral dose of 600 mg twice daily the 
day before and the day of procedure is the most commonly 
used regimen, IV doses of 150 mg/kg over half an hour before 
the procedure followed by 50 mg/kg administered over 4 h can 
be used in critically ill patients or in those who are unable to 
take NAC orally [111]. Other agents have also been investi- 
gated such as mannitol, theophylline, furosemide, anaritide 
(the synthetic form of atrial natriuretic peptide), fenoldopam 
(dopamine agonist), and atorvastatin for prevention of CIN; 
however, none of these have shown any benefit. 

Removal of contrast media by hemodialysis and hemofil- 
tration after the procedure in patients with preexisting renal 
failure has also been investigated. These studies have shown 
no effect on CIN and proven to be unwarranted as a routine 
clinical practice [112, 113]. Vogt et al. [114] evaluated pro- 
phylactic hemodialysis to see if the contrast agent could be 
efficiently removed, thus reducing the concentration to 
which the kidneys were exposed, but this procedure showed 
no beneficial effect compared with using saline hydration 
alone. Table 29.10 summarizes the strategies for prevention 
of CIN. 


Table 29.10 Steps to minimize radiocontrast-induced nephropathy 
(RCN) 

Prior to procedure 

1. Withdraw potential nephrotoxic agents (NSAIDS, diuretics) 


2. Hydrate with normal saline (1 mL/kg/h for 6-12 h) or increase 
salt and fluid intake if not contraindicated 


3. Use N-acetylcysteine (NAC) 600 mg PO bid 

During procedure 

1. Use low or iso-osmolar agents 

2. Use low volume of radiocontrast (<20 mL) 
(a) Dilute with normal saline when using LOCM (1:1 or 1:3 ratio) 
(b) Use small puffs of contrast (1-3 mL) 
(c) Utilize digital subtraction 

Post procedure 

1. Continue hydration for 12-24 h 

2. Continue NAC 

3. Avoid repeat contrast study within 72 h 

4. Check serum creatinine in 2-3 days 


29 Contrast and Medication Allergic Reactions 


Conclusion 

The intent of this chapter is to provide a comprehensive 
review of allergic reactions to commonly used drugs in 
the interventional suite. As responsible physicians, one 
must be aware of common and life-threatening presenta- 
tions and know how to manage them. An ounce of preven- 
tion is worth a pound of cure and this starts by knowing 
risk factors and taking a good history. Vigilance and early 
interpretation of symptoms during a procedure are 
required to provide timely care. Patients need to be 
informed of their reactions and such information must be 
noted in their charts as well. CIN is another inevitable 
complication that can occur. Adequate hydration and use 
of small doses of LOCM or use of IOCM may prevent this 
complication. 
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30.1 Introduction 
Interventional procedures have become the standard of prac- 
tice for the management and salvage of dialysis access dys- 
function. In addition, vascular access such as catheters and 
ports are frequently placed by interventionalists. These pro- 
cedures are associated with the occurrence of complications. 
These events can be classified as (1) mechanical complica- 
tions that are procedure related (PRC), (2) complications 
associated with sedation/analgesia (SARC), and (3) idiosyn- 
cratic or hypersensitivity-related complications (HRC) asso- 
ciated with the administration of radiocontrast and other 
drugs. It is critically important that the interventionalist man- 
aging dialysis access problems be in a position to deal with 
these adverse occurrences. This means two things — (1) being 
knowledgeable in complication recognition and management 
and (2) having the proper equipment and supplies readily at 
hand to do what needs to be done. For the interventional 
nephrologist, most of these procedures are performed in free- 
standing clinics, not attached to a hospital. There is the poten- 
tial for the occurrence of a complication whose management 
will require facilities beyond the scope of this setting. It is 
important, therefore, that a policy be in place within these 
clinics to avoid these situations to the degree that avoidance is 
possible by identifying situations where there is a significant 
risk that the complication might occur. These cases should be 
referred to the hospital setting for care. It is also important to 
recognize that there are situations in which the appropriate 
management of the complication may only entail stabiliza- 
tion of the patient for transport to a hospital setting. 

As the title suggests, this review is not intended to be 
totally inclusive. Fortunately, most adverse events are not of 
major consequence and their management is generally not 
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complicated. Often it is simply intuitive, e.g., if it is bleeding, 
apply finger pressure. We will not devote time to these. 
Others are much more serious and are of such a nature that 
the patient’s life or limb is at risk, specific action is required 
and action must be immediate. Often, the situation does not 
safely allow for invention, a definite, pre-rehearsed plan 
must be already in mind. These are the situations upon which 
we will concentrate our discussion. Additionally, most of 
discussion will be from the viewpoint of an interventional 
nephrologist practicing in a freestanding facility. 


30.2 Procedure-Related Complications 
(PRC) 
30.2.1 Introduction 


Procedure-related complications (PRCs) can be divided into 
two categories. Firstly, there are PRCs that represent an adverse 
event that can be expected to occur with some degree of fre- 
quency. The rate at which it can be expected to occur varies with 
the individual procedure. The actual rate observed can be 
affected by external factors such as the manner in which the 
procedure is performed. One can, with the application of good 
practices, affect the frequency of the adverse event; neverthe- 
less, a background occurrence rate is to be expected. However, 
the rate should not exceed a defined acceptable norm. An exces- 
sive complication rate suggests the need for critical evaluation 
of techniques and procedures. Secondly, there are PRCs that 
represent operator error. In general, these iatrogenic adverse 
events should not occur, yet they do. Some can have a disastrous 
result if not quickly recognized and managed appropriately. All 
interventionalists working with dialysis vascular access should 
be knowledgeable in preventing these occurrences but be pre- 
pared in the event that the unexpected actually occurs. 

The bulk of the cases performed within a dialysis access 
center consist of only three categories and their variations — 
catheter-related procedures (placement, exchange, and 
removal), angioplasty, and thrombectomy. The latter two 
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procedures are performed on both fistulas and grafts which 
expands the variety somewhat, but only slightly. Each of 
these types of procedure is associated with a set of PRCs. 
The list for catheter-related cases is relatively unique; how- 
ever, there is considerable overlap between angioplasty and 
thrombectomy. 


30.2.2 PRCS Related to Catheter Procedures 


In general, the serious, potentially life-threatening PRCs 
related to dialysis catheter procedures are mechanical and 
related to catheter placement. The primary factors determin- 
ing the development of a PRC during insertion are the expe- 
rience of the operator [1-3] and the use of real-time imaging 
techniques [3—6]. Insertion of a catheter by a physician who 
has performed 50 or more catheterizations is half as likely to 
result in a mechanical complication as insertion by a physi- 
cian who has performed fewer than 50 catheterizations [1]. 
The incidence of mechanical complications after three or 
more insertion attempts is six times the rate after one attempt 
[7]. Even in skilled hands, catheter insertion based only on 
topographic anatomy has been reported to be associated with 
an incidence of complications reaching 5.9 % [8, 9]. The use 
of ultrasound guidance during central venous catheterization 
has been shown to markedly reduce the number of 
cannulation-related complications [4, 10—16]. In a large, pro- 
spective, randomized study of 900 patients receiving internal 
jugular catheters [12], comparisons were made between 
patients in whom the procedure was performed using 
landmark-based techniques and those assigned to ultrasound 
guidance. The key benefits from use of ultrasound included 
reduction in needle puncture time, increased overall success 
rate (100 % versus 94 %), reduction in carotid puncture (1 % 
versus 11 %), reduction in carotid-associated hematomas 
(0.4 % versus 8.4 %), reduction in hemothorax (0 % versus 
1.7 %), decreased pneumothorax (0 % versus 2.4 %), and 
reduction in catheter-related infection (10 % versus 16 %). 
For these reasons, the use of this modality is strongly recom- 
mended even for the most experienced operator, many would 
consider it mandatory. 

The complications which we shall address are shown in 
Table 30.1. It should be noted that a great deal of the infor- 
mation in the literature concerning some of these issues is 
derived from experience with non-dialysis catheters. 
However, the principles still apply for our purposes. 


Hemorrhage 

Some bleeding following catheter insertion is not uncom- 
mon, but as a rule it should only be minimal. Even when 
there is considerable bleeding at the vein entry site during 
catheter insertion, it is rarely a problem after closure of the 
incision, although if the patient has a paroxysm of cough, it 
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Table 30.1 Major PRCs associated with dialysis catheter placement 


Hemorrhage 
Pneumothorax 

Air embolization 
Perforation of central vein 
Perforation of heart 
Cannulation of artery 


can result in a hematoma. After the catheter placement has 
been completed, a persistent trickle of blood from the exit 
site may be problematic in patients with high venous pres- 
sure. In these cases this is generally “tunnel bleeding,” or 
bleeding that is originating at the venotomy site and coming 
down the tunnel. This can be especially problematic if the 
patient is sent immediately to the dialysis facility. 


Management of Tunnel Bleeding 

The solution for tunnel bleeding is to occlude the tunnel. This 
can be done by placing a bolster dressing over the catheter 
tract, incorporating the catheter and occluding the tunnel 
(Fig. 30.1). This is performed by rolling a stack of 3 or 4 gauze 
4x4 s into a tight roll which is then placed longitudinally over 
the catheter tunnel. It is then attached using 2-0 suture on an 
FSLX needle. This is a relatively large suture (strong) which 
allows for it to be tied very tightly. The letters FSL (the needle 
commonly used) and FSLX refer to needle sizes. Both of these 
are curved needles. Their shape is that of a 3/8 circle. The 
standard FSL needle is 30 mm in length and the FSLX is 
40 mm. It is easier to get around the catheter without damag- 
ing it using this longer needle. Holding the gauze roll firmly in 
place, place two stitches around the bolster and catheter by 
passing the needle beneath the catheter and then double back 
and pass the needle in the opposite direction to come out on 
the starting side. This creates two sutures without cutting the 
material. The sutures can then be tied together as one. This 
should be tied very tightly using a surgeon’s square knot in 
order to seal the tunnel. It will not affect catheter function. The 
suture should be removed after 24 h. This is easily accom- 
plished by simply cutting it over the bolster. It should be noted 
that this suture is generally somewhat uncomfortable for the 
patient so it should not be left in place longer than necessary. 


Pneumothorax 
Pneumothorax (PT) is defined as the presence of air or gas 
within the pleural cavity, the potential space between the vis- 
ceral and parietal pleura of the lung (Fig. 30.2). The clinical 
results are dependent on the degree of collapse of the lung on 
the affected side. If large, a PT can impair oxygenation and/ 
or ventilation. If the PT is significant, it can cause a shift of 
the mediastinum and compromise hemodynamic stability. 
Unless the subclavian vein is being cannulated (Fig. 30.3), 
PT as a complication for the placement of a dialysis catheter 
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Bolster 


Catheter 


Fig. 30.1 Bolster dressing used to staunch tunnel bleeding. (a) Bolster in place over track of subcutaneous catheter. (b) Cross-sectional appear- 


ance of suture surrounding catheter and bolster 


Fig. 30.2 Pneumothorax. Arrows indicate edge of collapsed lung on 
left. Notice the mediastinal shift 


is not acommon event [5], especially if ultrasound guidance 
is being used. In a report of 1,765 tunneled dialysis catheters 
placed in the internal jugular vein by nephrologists using 
ultrasound [17], there was only a single case of PT. A pro- 
spective study of 450 cases using ultrasound guidance and 


Subclavian 


a 


Subclavian 


Fig. 30.3 Sagittal view of relationship between subclavian vessels and 
pleural dome 


internal jugular placement encountered no cases [12]. 
However, when that rare case does occur, early recognition 
and appropriate management can be critical [18, 19]. PT can 
be divided into two categories — asymptomatic and symp- 
tomatic. The management of these is quite different. 


Asymptomatic Pneumothorax 
The symptoms produced by a PT are dependent primarily 
upon its size. If the volume of air that enters the pleural space 
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is small, there may be no associated symptoms. The condi- 
tion is recognized only radiographically (if at all). The hemo- 
dynamically stable patient with no symptoms is not likely to 
have pathology requiring treatment. Stated another way, 
patients requiring intervention will almost certainly have 
abnormal clinical parameters. 

A multicenter, prospective, observational study was con- 
ducted that reported on more than 500 trauma patients with 
occult (no symptoms) PT identified on CT scan, with an ini- 
tially normal chest radiograph. The study arms included 
observation versus chest tube thoracostomy. Only 6 % of 
patients failed observation. This failure was seen only in 
patients with radiographic evidence of PT progression and 
symptoms of respiratory distress. According to this study, it 
is safe to simply observe patients with occult PT on chest 
radiographs [20]. 


Management of Asymptomatic PT 

Evidence suggests that simple observation of these patients 
is adequate. This should be done in the hospital setting, how- 
ever. Oxygen administration at 3 L/min nasal cannula or 
higher flow in these cases can be used to treat possible 
hypoxemia (not generally present) and has been reported to 
be associated with a fourfold increase in the rate of pleural 
air absorption compared with room air alone [20]. 


Symptomatic Pneumothorax 

If the volume of air in the pleural space is large, symptoms 
occur and immediate recognition and appropriate manage- 
ment are critical. In most instances, one is dealing with a 
tension pneumothorax (TPT). This is defined as the accumu- 
lation of air under pressure within the pleural space. This 
compresses the lung, displaces the mediastinum and its 
structures toward the opposite side, and eventually causes 
cardiopulmonary impairment [21]. With inspiration, air 
enters the pleural space, but with expiration it cannot exit. 
The situation tends to get progressively worse. Symptoms 
associated with this situation are variable but can be dramatic 
(Table 30.2). 

The usual clinical picture is chest pain and respiratory 
distress (shortness of breath, feelings of smothering, tachy- 
pnea) which can develop suddenly. This is frequently associ- 
ated with tachycardia. Hypotension and decreased oxygen 
saturation may also occur; their occurrence is the general 
rule in serious cases. If the route for air entry into the pleural 
space is still open and constitutes a one-way valve, rapid 
deterioration will occur if remedial action is not taken 
promptly. 


Management of TPT 

When the clinical situation is such that a TPT is suspected, 
the first step is to immediately evaluate the ABC mnemonic 
(Airway, Breathing, and Circulation). One must be prepared 
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Table 30.2 Symptoms and signs of tension pneumothorax (TPT) [22] 


Common findings (50-75 % cases) 
Tachycardia 


Universal findings 
Chest pain 
Respiratory distress Ipsilateral decreased air entry 


Inconsistent findings (<25 % of Rare findings (about 10 % cases) 
cases) 

Low O, saturation Cyanosis 
Tracheal deviation Decreasing level of 
consciousness 


Hypotension Ipsilateral chest hyperresonance 


Fig. 30.4 Pneumothorax set (Arrow International), note tip of device 
(inset) 


to support these functions. Administer oxygen, ventilate the 
patient, and establish an intravenous line if one is not already 
available (the dialysis catheter may serve). Immediate thora- 
costomy must be performed in any patient who presents with 
hemodynamic instability or hypoxia [18, 19]. Since immedi- 
ate, effective treatment may be necessary to save the patient’s 
life, it is essential that the interventional facility has the 
equipment and supply items necessary to manage a TPT 
until the patient can be transported to the hospital. Failure 
can result in rapid clinical deterioration and cardiac arrest. 
There are several ways that an effective thoracostomy can be 
accomplished: 


Catheter Kit A device that is ideally suited for emergency 
use is the Pneumothorax Set (Arrow International, 
Pennsylvania) containing an 18-gauge over-the-needle cath- 
eter which is 8 Fr and 16 cm in length (Fig. 30.4). This kit 
contains the items necessary for insertion and attachment of 
the catheter to a Heimlich valve. This is a flutter valve con- 
sisting of a single piece of soft flexible rubber tubing enclosed 
in a hard transparent plastic case. When attached to the cath- 
eter, it permits only one-way passage (outward) of air. 
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The use of this device has been found to be very effective in 
the treatment of TPT [23]. The fact that it is simple and eas- 
ily inserted is a significant advantage for those not accus- 
tomed to creating a thoracostomy. A meta-analysis of studies 
reported in the literature comparing treatment regimens indi- 
cated that this type of device is at least as safe and effective 
as a chest tube thoracostomy for management of primary 
spontaneous TPT [24]. The package insert with this device 
recommends placement in the second intercostal space at the 
midclavicular line: however, the author feels that placement 
in the fifth interspace at the anterior axillary line might be 
safer as explained below (Fig. 30.5). 


Thoracic Vent Also available is the thoracic vent (Tru- 
Close®, Uresil, Skokie, IL). This is a minimally invasive self- 
contained device designed for the treatment of pneumothorax. 
It consists of a 13 Fr polyurethane catheter with a removable 
in-line trocar for insertion. This catheter is connected to a 
plastic chamber containing a one-way valve. A unique signal 
diaphragm reflects pressure changes in the pleural space and 
indicates initial entry of the trocar into the pleural space dur- 
ing insertion. This device is designed to be inserted under 
local anesthesia, generally in the second intercostal space in 
the midclavicular line on the affected side [25]. The thoracic 
vent has also been shown to be very effective in the treatment 
of TPT [25, 26]. 


Manual Aspiration In cases in which a commercially avail- 
able treatment device is not available, the insertion of large- 
bore needle, sheath, or catheter may be lifesaving as an 
emergency measure. The insertion of one of these devices is 
most safely accomplished from a lateral approach at the fifth 
intercostal space (Fig. 30.5) and the anterior axillary line 
[27-30]. In a study involving manual aspiration [31], 102 
cases of PT following interventional radiological procedures 
underwent percutaneous manual aspiration of a TPT. Air was 
aspirated from the pleural space using an 18- or 20-gauge 
intravenous catheter. After the pleural space was entered 
(indicated by aspiration of air), the needle was extracted 
leaving the catheter in place. The catheter was connected to 
a 3-way stopcock and a 60-mL syringe was used to aspirate 
air. Manual aspiration was continued until no more air could 
be aspirated. In 87 of the 102 patients (85.3 %), the pneumo- 
thorax had resolved completely on follow-up chest radio- 
graphs without chest tube placement. This success rate was 
subsequently confirmed in a larger series of 243 cases by the 
same investigators [32]. 


Standard Intravascular Sheath In the freestanding inter- 
ventional facility, if a thoracostomy device is not immedi- 
ately available, an intravascular sheath can be used to 
effectively treat a TPT. A sheath length of at least 4.5 cm is 
required [33]. To accomplish this, make a small incision 


Fig. 30.5 Lateral site for insertion of thoracostomy needle, 5th inter- 
space at the anterior axillary line axillary line (arrow) 


Table 30.3 Risks of air embolization with catheter procedures 


Open needle hub after cannulation 
Open dilator after insertion 

Open sheath after insertion 
Catheter clamp open after insertion 
Fractured catheter 


Catheter removal in upright position (especially acute catheter) 


under local anesthesia over the 5th intercostal space at the 
anterior axillary line on the affected side (Fig. 30.5). Insert 
an 18-gauge introducer needle with a syringe attached into 
the pleural space; entry is indicated by the aspiration of air. 
Pass the guidewire that comes with the sheath into the pleu- 
ral space, remove the needle, and insert the sheath. As soon 
as the pleural space is entered, start backing the dilator out 
(do not completely remove yet) so as to not injure the lung 
with the dilator tip. Once the sheath is in, fix it in place with 
a stitch. Attach a large syringe to the side arm and begin aspi- 
rating air. This can be facilitated by attaching a three-way 
stopcock to the sheath side arm. After the bulk of the air has 
been aspirated, a finger condom or the finger of a rubber 
glove with its tip removed to serve as a makeshift one-way 
valve device can be attached to the side arm. The patient 
should then be transported to the hospital for observation. 


Venous Air Embolism (VAE) 

With dialysis catheter-related procedures, there are multiple 
opportunities for air to enter the systemic venous system and 
result in a VAE (Table 30.3). This is likely to occur any time 
there is an open passage for air to pass, and a pressure gradi- 
ent exists that favors air passage in an inward direction. 
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In the use of intravenous devices, it is not unusual for a small 
amount of air to enter the circulation. This is dissipated in the 
lungs and very rarely produces symptoms. However, death 
may occur if a large bubble of air (VAE) becomes lodged in 
the heart or the right ventricular outflow tract stopping blood 
from flowing from the right ventricle to the lungs. 

The two fundamental factors determining the morbidity 
and mortality of a VAE are the volume of air involved and 
the rate of its accumulation. It has been shown [34] that a 
pressure decrease of 5 cmH,O across a 14-gauge needle 
(internal diameter of 0.072 in. or slightly less than 6 Fr) is 
capable of transmitting approximately 100 mL of air/s. This 
rate of entry will easily exceed lethal accumulation if not 
quickly stopped. Although the types of needles commonly 
used for vein cannulation when placing a dialysis catheter 
are smaller than this (18-gauge introducer needle internal 
diameter is about 0.035 in. or about 3 Fr), they can neverthe- 
less transmit a significant amount of air very quickly. It 
should be borne in mind that dialysis catheters are much 
larger than this (15—16 Fr). Although classical teaching states 
that 5-8 mL/kg of air can be tolerated, the maximum safe 
amount in man is not really known. As little as 20 mL of air 
may show symptoms and 70-300 mL of air has been reported 
to be fatal [35-37]. With the entry of air into the heart, a 
paradoxical embolus is always a possibility. It has been 
observed that only 0.5 mL of air can be lethal when entered 
into the left side of the circulation [38, 39]. 

The reported frequency of air embolism associated with 
use of a central catheter has been reported to range from 0.1 
[40] to 2 % [41], with a total mortality rate of 23 % when 
such an event occurs [42]. The risk of catheter-related air 
embolism is increased by a number of factors that reduce 
central venous pressure [41, 43], such as deep inspiration 
during insertion or removal, hypovolemia, and an upright 
position of the patient. There is a high incidence of sleep 
apnea in dialysis patients [44]; with sedation many of these 
patients will demonstrate loud snoring due to inspiration 
against a partially obstructed airway. This makes them espe- 
cially susceptible to an air embolus during catheter insertion. 
An event that probably poses the greatest risk is the removal 
of a long-dwelling dialysis catheter with the patient in a sit- 
ting position because of a persistent patent catheter tract fol- 
lowing removal that is frequent present [45-47]. This is 
especially true for acute catheters. 


Clinical Manifestations 

With catheter-related procedures in the interventional dialy- 
sis access facility, a VAE is usually small to medium. The 
clinical manifestations of these are variable and generally 
nonspecific, often asymptomatic. Signs and symptoms of 
larger VAEs are also nonspecific and may include the sudden 
onset of air hunger, dyspnea, cough, dizziness, chest pain, 
and a feeling of impending death [38, 48, 49]. Tachycardia, 
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Fig. 30.6 Air embolus (arrows) in pulmonary artery 


tachypnea, a drop in oxygen saturation, and hypotension are 
frequently present, and occasionally, a relatively specific 
drumlike or “mill wheel” heart murmur is heard [38, 48, 49]. 
A “gasp reflex” consisting of a short cough followed by brief 
expiration and several seconds of forced inspiration may be 
observed in some cases and has been described as typical of 
VAE [50]. This gasp reflex may actually increase the volume 
of air that embolizes by suddenly decreasing right atrial pres- 
sure. With a large volume of air, neurologic symptoms such 
as altered mental status, convulsions, and coma have been 
reported to occurin 42 % of patients [38]. Electrocardiographic 
changes may occur and can include tachyarrhythmias, vari- 
able degrees of atrioventricular block, right ventricular 
strain, and 3-T segment (lead V1—V3) changes [50]. 

The diagnosis of VAE in the course of a catheter-related 
procedure is facilitated by the fact that these cases are per- 
formed under fluoroscopic observation. In the typical case, 
chest radiographic findings of VAE consist of radiolucency 
(air) in the main pulmonary artery (Fig. 30.6) [49]. Air in the 
distal main pulmonary artery has been described as having a 
characteristic bell shape [49]. Air in the more distal pulmo- 
nary vessels is rarely detected on chest radiographs. 


Pathophysiology 

When a large volume of air embolizes, the air becomes 
lodged in the heart or the pulmonary artery, stopping blood 
from flowing from the right ventricle into the lungs. The 
major cause of death from massive VAE is due to circulatory 
obstruction and ultimately cardiac arrest resulting from air 
trapped in the right ventricular outflow tract [51]. The air that 
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is transported to the lung through the pulmonary arteries can 
cause interference with gas exchange, cardiac arrhythmia, 
pulmonary hypertension, and right ventricular strain. 

Large emboli may cause paradoxical (arterial) emboliza- 
tion by acutely increasing right atrial pressure, facilitating a 
right-to-left shunting through a patent foramen ovale or as 
small emboli passing across the pulmonary capillary bed 
[52]. This later situation is especially likely to occur in 
patients with chronic obstructive pulmonary disease who 
have greater intrapulmonary anatomical shunting than nor- 
mal subjects [53]. Additionally, if the filter function of the 
pulmonary capillary network is overloaded due to excessive 
entry of air, the air can pass on into the left heart and the 
systemic arterial circulation [42, 54]. 


Management 

It must be kept in mind that the optimum management for 
VAE is prevention. Care must be taken to avoid the occur- 
rence of such an adverse event. Small VAE may require no 
treatment. However, the appearance of a small embolus 
should raise concern and result in an immediate evaluation 
of the situation to avoid a recurrence or worsening of the 
situation. A small VAE generally dissipates very quickly. 

With a larger volume of air, treatment should be insti- 
tuted. The first goal of management is identification of the 
source of air entry and prevention of further air embolization 
(55, 56]. Secondly (simultaneously), the patient should be 
placed on 100 % oxygen with a non-rebreather mask [57, 58]. 
In most cases this therapy alone is adequate. The air making 
up the embolus consists of 78 % nitrogen (room air). This 
nitrogen is not metabolized so with an air bubble in the cir- 
culation, it tends to dissipate very slowly. A non-rebreather 
mask delivers a high concentration of oxygen to the patient 
(60-100 %). This rids the blood of nitrogen, creating a large 
nitrogen gradient between the inside and outside of the air 
embolus. In this manner, nitrogen flows out of the air bubble 
and it shrinks. This generally happens very quickly. 

In instances in which the VAE is very large, or in compro- 
mised patients, aggressive cardiopulmonary resuscitation 
may be required [46]. In the past, attempting to relieve the air 
lock in the right side of the heart either by placing the patient 
in the Durant position which is the left lateral decubitus posi- 
tion with the head down 30-45° [51] or simply placing the 
patient in the Trendelenburg position if the patient was 
hemodynamically unstable was advocated. However, this 
positioning to optimize hemodynamics has been questioned 
[59]. In fact, the concept of repositioning the patient at all 
during a suspected episode of VAE has been challenged by 
reports from animal studies [60]. There are no data in 
humans, however. Nevertheless, this maneuver should be 
regarded as being of little value. 

Rapid initiation of cardiopulmonary resuscitation with 
defibrillation and chest compression has been shown to be 


effective for massive VAE that results in cardiac arrest [61]. 
Even without the need for cardiopulmonary resuscitation, 
closed-chest massage has been advocated to force air out of 
the pulmonary outflow tract into the smaller pulmonary ves- 
sels, thus improving forward blood flow. There is clinical 
evidence of the efficacy of this approach [62]. 


Paradoxical Air Embolization 

As stated above it is possible for a paradoxical air embolus to 
occur [42, 54, 63]. Air entering the arterial circulation can 
have disastrous effects. When an air bubble travels along an 
artery, it moves through a system of blood vessels that gradu- 
ally become increasingly smaller. At some point, the embolus 
will block a small artery and cut off the blood supply to a 
particular area of the body. The most common symptoms 
heralding the occurrence of a paradoxical embolus are neu- 
rologic [42]. In these instances hyperbaric oxygen therapy 
has been recommended [43, 64]. Even patients with very 
dense neurologic deficits may experience reversal of symp- 
toms with this therapy [65]. 


Perforation of a Central Vein 

With the use of a dialysis catheter, there is the possibility of 
iatrogenic perforation of a central vein or the heart. This 
problem can be divided into acute and delayed types. The 
acute event occurs at the time of catheter placement. The 
delayed version occurs after the passage of hours or days. 
Either one can have serious consequences. 


Acute Perforation 

Acute perforation of a central vein has been reported to occur 
with catheter insertion with an incidence of approximately 
0.25-0.4 % [66], but underreporting is very likely. This com- 
plication is higher for catheters inserted on the left side than 
on the right. This risk of perforation is created by the angles 
that must be negotiated as a device is passed through the cen- 
tral vein on that side in order to reach the superior vena cava 
(SVC) [67]. The left internal jugular vein joins the brachio- 
cephalic vein at almost a 90° angle, and a similar angle is 
found between the left brachiocephalic and the SVC. This is 
in addition to a sharp angulation as the vein drapes over the 
aorta or arch vessels in the midline. Additionally, the high 
incidence of central vein stenosis in the dialysis patient may 
very well contribute to the incidence of this complication in 
some cases [68]. 

Sequelae resulting from the perforation of a central vein 
are variable. Many interventionalists have had the experi- 
ence of perforating a central vein and having no adverse 
effect. This may be due in part to the low pressure within the 
right atrium and SVC (2-6 mmHg and even lower if patient 
is hypovolemic) and the fact that the perforation was high in 
the SVC or in brachiocephalic (above the pericardial reflec- 
tion). However, perforation can lead to bleeding either into 
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Fig. 30.7 Dialysis catheter placed blindly resulting in hemo-mediastinum. (a) Mechanism of adverse event (arrow). (b) Catheter in mediastinum, 


note widening of mediastinum (arrows) 


the pleural space or into the mediastinum [68-73]. The upper 
half of the SVC is covered by mediastinal connective tissue. 
In this region perforation can result in hemo- or hydrothorax/ 
mediastinum [66] (Fig. 30.7). Life-threatening cardiac tam- 
ponade may result if a catheter perforates the right heart or 
that part of the SVC that is within the pericardial space 
(below the pericardial reflection). 

With large-bore hemodialysis catheters, injuries may cause 
voluminous bleeding leading to hemodynamic instability, 
hypovolemic shock, and even death [68, 70, 74, 75]. Serious 
damage to the central veins can result from failure to use the 
large-bore vein dilators properly when preparing a cannulation 
site for the insertion of the dialysis catheter. To be safe, the 
dilator must follow the course of the guidewire into and down 
the central vein. This path is not completely straight, even on 
the right side. Initially, it angles downward as one enters the 
vein and then turns caudally following the path of the central 
vein (much more circuitous than this on the left). Additionally, 
because of the close proximity of the patient’s neck and head 
to the entry site, there is a tendency for the operator to angle the 
proximal end of the dilator outward. Because of these issues, 
the guidewire can become kinked and instead of the serving as 
a track to direct the passage of the device, it is advanced with 
it. If the tip of the dilator is pressing against the side of the vein, 
the advancing guidewire can act as a blade (Fig. 30.8), slicing 
the vein as it moves along its course [70]. 

Normally, when a large-bore dilator is used to dilate the 
vein entry site, some degree of force is required to pass the 
device through superficial structures and the vein wall into 


Fig. 30.8 Kinked guidewire. Guidewire is kinked and pressed against 
vein wall (arrow) becoming a blade 
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Fig. 30.9 Practices for safe passage of dilators for catheter insertion. (a) Assuring that guidewire is not advancing with dilator. (b) Direct fluoro- 
scopic visualization 


the lumen of the target vessel. If the guidewire is kinked, this 
force is being applied toward destruction of the vein. The 
result can be disastrous. 

Actually, for a successful catheter insertion, it is neces- 
sary for the dilator to only be passed just far enough into the 
vein to dilate it. This requires only a few centimeters. If it is 
advanced considerable beyond this point, damage to the vein 
is more likely to occur and be much worse if it does occur. 

In a retrospective review of 4,000 [76], 10 patients had a 
vascular perforation, an incidence of 0.25 %. Operator error 
was the primary cause of the problem; the injury was caused 
by kinking of the guidewire followed by forcing the vessel 
dilator or peel-away sheath into the central vein. The initial 
error, kinking of the guide wire, was the result of the operator’s 
failure to firmly hold and stabilize the guidewire while advanc- 
ing the vessel dilator. Of these ten cases, four were fatal. 

This problem can be prevented by checking free passage 
of the guidewire in and out of the dilator repeatedly during 
insertion (Fig. 30.9). Additionally, direct observation under 
fluoroscopy will alert the operator to any untoward dilator- 
guidewire interaction. Careful attention to these two issues 
can prevent the occurrence of this problem. 


Delayed Perforation 

Some cases of vascular perforation (usually the SVC) are 
delayed and occur hours to days after catheter insertion 
[77-80], 3 days or more after the procedure in 41 % of 
patients [81]. Left-sided catheter placement and large-bore 
catheters are reported to be risk factors for delayed vascular 


perforations [82, 83]. In a review of 2,992 catheters [84] 
(non-dialysis), an incidence of 0.17 % was observed with a 
mean time to onset of symptoms of 3.6 days following cath- 
eter insertion. The most common clinical symptoms and 
diagnostic findings were dyspnea, new or rapidly progressive 
pleural effusions, chest pain with radiation to the left or right 
shoulder, hypotension, coughing, fever, and mediastinal wid- 
ening. It is of interest that delayed perforation is associated 
with a higher incidence of hydrothorax, in contrast to hemo- 
thorax, which is more commonly found when perforation 
occurs at the time of catheter insertion (acute) [85]. 

Delayed perforation of the SVC is almost exclusively a 
left-sided catheter placement problem. Because of the hori- 
zontal orientation of the left brachiocephalic vein and its 90° 
junction with the SVC, catheters introduced via the left jugular 
vein must turn an acute angle to enter the SVC. If the catheter 
is too short to extend well beyond this curve, its tip may 
impinge upon the lateral wall of the vein (Fig. 30.10). Catheter 
tip impingement is regularly observed in left-sided catheters 
with their tip positioned in the upper SVC [85-87]. It has been 
reported that a chest X-ray frequently shows a horizontal cath- 
eter with a gentle curve at the tip before clinical or radio- 
graphic recognition of perforation in many of these cases [88]. 
Continuous catheter motion can be observed on fluoroscopy 
during the respiratory and cardiac cycles. Associated with 
tenting of the vessel wall from the catheter tip, this results in 
continuous mechanical irritation and injury [89, 90]. This is in 
contrast to the catheter that runs parallel with the vessel wall if 
the tip is positioned in the lower SVC [85-87]. 
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Fig. 30.10 Catheter tip impingement on wall of SVC (arrow) creating 
a risk for perforation 


Most cases of delayed vascular preformation involve the 
SVC. However, with the insertion of catheters in the lower 
extremity, delayed perforation can also occur following fem- 
oral vein catheter placement leading to severe hemorrhage 
and retroperitoneal hematoma formation [91]. 


Management of Central Vein Perforation 

Since this is a complication that is generally related to opera- 
tor error, the most effective step in management is to take 
precautions to avoid it. The use of ultrasound-guided can- 
nulation is very important. Blind cannulation should be 
avoided. Good practices in the use of guidewires and dilators 
plus use of fluoroscopic observation (Fig. 30.9) will go a 
long way toward eliminating this as an acute problem. With 
newer materials being used for catheter manufacturing, 
delayed perforation is very uncommon, but still possible. 
The selection of an appropriate catheter length is also impor- 
tant in prevention. 

Since the effects of central vein perforation are variable, 
the management will also be variable and largely dependent 
upon observation of changes in the individual patient. The 
sequelae of perforation are largely dependent upon the size 
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of the device involved and whether the perforation is into the 
pleural space or into the mediastinum. If it is only the needle, 
there are usually no ill effects and no treatment is required. 
One may not even recognize that it has occurred, unless the 
guidewire is passed into the pleural space. Even then, with- 
drawal is frequently not followed by adverse changes. 

With a larger device such as a dilator, management will 
depend on the extent of the injury, general status of the 
patient and efficiency of the patient’s clotting system [71]. It 
should be remembered that the removal of the offending 
device can result in massive hemorrhage requiring surgical 
intervention which cannot be accomplished in a freestanding 
facility. Passage into the mediastinum may result in a hema- 
toma that may be self-limiting. Passage into the pleural space 
can result in a hemothorax (or a pneumothorax, if the device 
is open to the air). However, one can never be sure what will 
happen once the device is removed leaving a large defect in 
the vein. It is better to leave the device in place and transfer 
the patient to a hospital setting where it can be removed with 
surgical support available. Detailed diagnostic imaging pro- 
cedures should be performed. Removal of the offending 
object can result in massive hemorrhage requiring an explor- 
atory thoracotomy to repair the defect [74, 92] although 
there are reports of endovascular management of such an 
injury [71, 93]. In one case report [93], the perforation site 
was repaired using a stent graft. In this instance the stent 
graft was placed through a femoral approach prior to with- 
drawal of the catheter. If the event results in a large defect as 
can occur in the situation depicted in Fig. 30.8, it is almost 
uniformly fatal. 

As with acute perforations, detailed diagnostic imaging 
procedures should be performed when delayed perforation is 
suspected. The management must be individualized depend- 
ing upon the extent of the injury and general status of the 
patient. Although in some cases the catheter can be simply 
removed [94], an exploratory thoracotomy to repair the 
defect [74, 92] is frequently required for these vascular 
perforations. 


Cardiac Perforation 

In addition to central vein perforation, there is a risk of car- 
diac perforation with the insertion of a catheter. This is the 
most deadly of the complication associated with central 
venous catheters. This event has been observed primarily 
with the insertion of catheters that are longer than necessary 
for a right internal jugular insertion and are somewhat rigid 
(but not always). In the dialysis patient, this relates primarily 
to the use of acute (non-tunneled) catheters. When this prob- 
lem occurs, it results in cardiac tamponade and the conse- 
quences are frequently fatal [95] especially those involving 
the atrium [96]. The exception has been in cases in which the 
patient was in the surgical suite on the operating table at the 
time of occurrence [97]. 
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This problem can occur early as a result of operator error 
during the insertion procedure or late as a result of vascular 
injury from the catheter tip eroding through the myocardium 
[98]. Cardiac tamponade has been reported 24 h or more 
catheter placement in 50 % of patients who have had the 
complication [99, 100]. This delay is generally thought to be 
related to the placement of a catheter that was too long, was 
not well secured, and was inadvertently advanced during the 
course of its use. 

Delayed complications have a high mortality, frequently 
due to late identification of the problem. The mortality rate 
of cardiac tamponade in these situations has ranged from 44 
to 77 % [99]. In a review of eight cases of cardiac perforation 
(non-dialysis catheters), it was noted that although right ven- 
tricular perforations detected early had a relatively benign 
course, those detected late and those that involved right atrial 
perforations required emergent surgical exploration and 
often have catastrophic consequences [96]. 

In a review of 23 cases of cardiac perforation (non- 
dialysis catheters), 22 patients developed cardiac 
tamponade. Seventeen patients developed cardiac tam- 
ponade during the process of catheter placement, and five 
were found at 2—14h after the procedure. Pericardiocentesis 
and pericardial catheter drainage were performed in 20 
patients and 11 were successful. Among the other 11 
patients with tamponade, 7 had a successful thoracotomy 
and 4 died [101]. 

In another review of 25 cases of cardiac tamponade from 
central venous catheters [102], it was found that all patients 
developed unexplained hypotension from hours to | week 
after catheter placement. Pulmonary symptoms were com- 
mon. Eight patients complained of chest tightness, 12 of 
shortness of breath, and 15 were noted to have air hunger up 
to 6 h prior to the occurrence of significant changes in vital 
signs. Fourteen patients (56 %) developed tachycardia and 
eight patients (32 %) were noted to be bradycardic. In 22 
cases the catheters were “stiff” and 3 were Silastic. The site 
of catheter erosion could be determined for 80 %. Fifteen 
occurred in the right atrium, four in the right ventricle, and 
one at the intrapericardial junction of the superior vena cava 
and right atrium. Post-insertion chest radiographs were avail- 
able for review in 22 cases. The tip of the catheter was in the 
right atrium in 15, the right ventricle in 2, at the junction of 
the superior vena cava and right atrium in 2, and at the junc- 
tion of the right atrium and right ventricle in 3. One catheter 
followed a markedly abnormal course across the heart. All of 
the catheters were within the pericardial silhouette on chest 
radiograph. Eighty percent of the patients died, and 12 % 
remained in a persistent vegetative state as a direct result of 
the tamponade. Only 2 patients (8 %) survived without any 
neurologic residual. 

In 1989, the FDA published a precautionary statement 
regarding the positioning of central venous catheters that 


states that “the catheter tip should not be placed in or allowed 
to migrate into the heart” [103, 104]. In 2006, the NKF/ 
KDOQI practice guidelines recommend that acute catheters 
be placed with their tip in the SVC and that the position 
should be verified radiographically [105]. 

Unfortunately, the SVC-atrial junction cannot be accu- 
rately identified fluoroscopically, and the length of the SVC is 
quite variable. In an anatomical study based upon preserved 
adult cadavers, it was found that the median length of the SVC 
was 61 mm, but the range was 46-111 mm [66]. Of signifi- 
cance to cardiac tamponade from SVC perforation is the fact 
that the pericardial reflection onto the SVC is also variable. 
This same study found that the median intrapericardial part of 
the medial SVC was 32.5 mm with a range of 18-54 mm and 
the lateral SVC was 20.5 mm with a range of 8-44 mm [66]. 
Because of these individual anatomical variations, the exact 
catheter length that should be used cannot be stated with abso- 
lute certainty; however, the author feels that a good estimate of 
the location of the SVC-atrial junction can be obtained by 
moving down the lateral cardiac silhouette approximately 
one-third. To be safe, an acute dialysis catheter placed in the 
right internal jugular should not exceed 15-16 cm in length. 

The catheter material and its stiffness are also risk fac- 
tors for vascular damage [106-109]. The majority of vascu- 
lar and cardiac perforations related to central venous 
catheters were reported at a time when catheter material 
was relatively stiff and more rigid than today [110]. 
Additionally, imaging guidance during insertion proce- 
dures was not generally used. The availability of softer 
catheter materials such as silicone and polyurethane has 
substantially decreased the likelihood of this complication 
[111]. Nevertheless, catheter-related vascular erosions with 
catheters constructed of polyurethane have been reported 
[83, 112]. This suggests that vascular damage and subse- 
quent perforation can occur with any catheter if the distal 
tip is positioned against a vascular wall [113]. Any patient 
with a central venous catheter who develops unexplained 
hypotension, air hunger, shortness of breath, or chest tight- 
ness should have cardiac tamponade included in their dif- 
ferential diagnosis [102]. 


Arterial Perforation 
Mechanical complications from catheter-related cervicotho- 
racic arterial injury (CRCAI) due to the misplacement of 
large-caliber devices associated with central vein catheter 
placement have been reported to have an incidence of 0.1— 
0.8 % [114]. These complications include hematoma, which 
can potentially expand and obstruct the airway [115], hemo- 
thorax [116, 117], pseudoaneurysm [117], arteriovenous fis- 
tula [118], and stroke [114, 119]. 

The problem generated by perforation of an artery during 
the insertion of a dialysis catheter is largely dependent upon 
the point in the procedure in which the event occurs. 
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Fig. 30.11 Position of guidewires (arrows). (a) Guidewire in carotid, extending into aorta. (b) Guidewire in internal jugular extending into vena 


cava (guidewires enhanced for illustration) 


In general, this event has to be initiated by insertion of the 
cannulation needle into the artery. In most instances this is 
immediately recognized because of the appearance of pulsa- 
tile red blood from the hub of the needle. The risk of this 
occurrence is markedly decreased, but not totally eliminated, 
by the use of ultrasound-guided cannulation [120]. 

Many _ interventionalists use a 21-gauge needle 
(Micropuncture® Introducer Set, Cook Medical, Bloomington, 
IN) for cannulation. Removing such a small needle from a 
carotid artery and applying external pressure to prevent hem- 
orrhagic complications is a common management approach, 
and the event is inconsequential in most cases [1, 121, 122]. 
It is probable that this occurrence is frequently not reported 
in the medical record and is underreported in the literature. 
As a result, very few cases of major complications related 
to needles in carotid arteries or the aorta have been reported 
[114, 123, 124]. In these cases, inadvertent carotid puncture 
occurred with a larger-gauge needle and was treated by exter- 
nal compression for 3—15 min. Many of these patients had 
significant carotid atherosclerotic plaque and presented with 
an embolic stroke within the first 48 h post-procedure. 

Even insertion of a guidewire is generally not a problem; 
it can be removed in most cases without any adverse sequelae 
as long as external pressure is applied for several minutes to 
prevent the formation of a hematoma. It is important to be 
able to recognize the characteristic appearance of a guide- 
wire that has entered the carotid and is passing into the arch 
of the aorta (Fig. 30.11) so that the procedure can be stopped 
at this point before a larger device is introduced. 


The nature of the situation changes once one has gone 
beyond the guidewire insertion point. With the insertion of a 
dilator, the defect created in the artery can be very problem- 
atic if not handled properly. The low internal jugular vein 
approach that is commonly used for the catheter insertion 
procedure can injure not only the carotid artery but also the 
subclavian or brachiocephalic vessels and even the aorta 
[125]. Subclavian approaches can also injure the aorta, com- 
mon carotid, or brachiocephalic artery. 

Two different approaches to these arterial injuries have 
been taken: (1) removal of the device, followed by the appli- 
cation of local pressure, and (2) immediate direct surgical or 
endovascular arterial repair. The first of these can be prob- 
lematic. Although the usual target vein runs in parallel to the 
artery, if the arterial injury is remote from the intended access 
venous site, its location may preclude effective external pres- 
sure to tamponade the bleeding from the puncture. 

In a retrospective study, two groups of patients with 
CRCAI were analyzed [120]. The first group consisted of 13 
patients who were treated in the study institutions. Five of 
these underwent immediate catheter removal and compres- 
sion, and all had severe complications. One case experienced 
a major stroke and died. The other four of the five cases 
required intervention either for massive bleeding or for a 
false aneurysm. The remaining eight patients were treated 
immediately for the arterial injury without complications by 
either an open repair (six) or through an endovascular 
approach (two). The second group of patients reviewed in 
this study consisted of 30 cases derived from the published 
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medical literature used for comparison. Of these, 17 were 
treated by immediate catheter removal and direct external 
pressure. Eight (47 %) of these had major complications 
requiring further interventions and two died. The remaining 
13 patients were treated by immediate surgical exploration, 
catheter removal and artery repair under direct vision, with- 
out any complications. 

Under no circumstances should prolonged arterial cannu- 
lation be tolerated. Several cases have been described with 
thrombus found at the site of the arterial injury, especially 
after prolonged catheterization. Heparinization should be 
considered if immediate treatment is not possible [120]. 


Management 

As is the case with the other categories of complications 
listed above, prevention is an extremely important aspect of 
the CRCAI issue. The use of ultrasound guidance with can- 
nulation and paying attention to the course followed by 
guidewires as they are passed under direct fluoroscopic 
observation (Fig. 30.11) is very important. Blood flow 
(backflash) through a micropuncture needle also may be use- 
ful. Blood will rarely independently back up through a dis- 
connected 21-gauge needle when it is within a vein. If 
backflow is observed, arterial entry should be considered. 
The color of the blood is also a helpful guide, unless the 
patient is very hypoxic (check the pulse oximeter), arterial 
blood will be bright red, unlike the darker color typical of 
venous blood. Careful attention to these points should elimi- 
nate most of these problems. 

If the puncture injury is small (<7 Fr) the pull and pres- 
sure method is reasonable as long as the arterial site is in a 
location where effective pressure can be applied. Pressure 
should be applied for 20 min and the patient should be moni- 
tored (for a minimum of 1 h) for hematoma formation [120]. 
This may not be effective; however, once the device is 
removed, direct pressure is difficult to place on the arterial 
entry site because it is often distal to the skin puncture site. 
Additionally, the patient may become very uncomfortable 
with the pressure required to compress the artery. 
Unfortunately, adequate compression in the cervical area for 
larger defects is not possible without jeopardizing cerebral 
perfusion. In these cases, an enlarging hematoma after the 
removal of a misplaced dilator or catheter can occur. This 
can expand rapidly and result in airway compression requir- 
ing difficult emergent intubation [116, 126]. 

If the device causing the injury is 7 Fr or greater, then it 
should be left in place. Vascular surgery consultation should 
be sought and the patient transferred to the hospital. In the 
past, treatment was exclusively surgical; however, more 
recently, endovascular techniques, with the placement of a 
stent graft or a percutaneous arterial closure device, have 
been reported [127]. These options are ideal for arterial 
trauma sites in the proximal carotid and subclavian artery. 


Arterial trauma below the sternoclavicular joint should not 
be repaired through a cervical approach. Clinical suspicion 
of these low injuries should prompt preoperative imaging to 
clarify the injury site and aid in the development of an appro- 
priate treatment plan [120]. 


30.2.3 PRCS Related to Arteriovenous Access 
Procedures 


When dealing with an arteriovenous access (synthetic grafts 
and arteriovenous fistulas) problems, there are two proce- 
dures that are commonly performed that can result in signifi- 
cant adverse events — angioplasty and thrombectomy. The 
most frequent procedure-related complication seen in asso- 
ciation with angioplasty that dictates the need for interven- 
tion is venous rupture. The same is true for thrombectomy 
with the addition of arterial embolization. Although rare, 
symptomatic pulmonary embolism can also occur [128]. 


Venous Rupture 

The most frequent PRC seen in association with angioplasty 
that requires intervention is venous rupture. Although some 
investigators have reported an alarmingly high incidence of 
vein rupture in association with angioplasty treatment of 
autologous fistulae [129, 130], in other reports the occur- 
rence has been relatively low [17, 131-134], generally 2 % 
or less. In a series of 1,222 cases with dysfunctional hemodi- 
alysis grafts, angioplasty-induced vascular ruptures occurred 
in 24 (2.0 %) [133]. In another report of 1,796 angioplasty 
procedures, an overall complication rate (all types) of 2.4 % 
(44 cases) was seen. This series was composed of 73 % syn- 
thetic grafts (1,311 cases with a 1.8 % complication rate) and 
27 % autologous fistulae (485 cases with a 4.1 % complica- 
tion rate). Seventy percent of these complications (34 cases) 
were vein rupture of some degree [17]. 

Venous rupture appears to be more commonly associated 
with the treatment of fistulas than with grafts [129, 135]. Ina 
series of 75 instances of vein rupture in 1,985 hemodialysis 
interventions [135], this problem occurred more often in fis- 
tulas (5.6 % of 693) as a group than in grafts (2.8 % of 1,292). 
Transposed fistulas were more problematic (10.7 % of 187) 
than non-transposed ones (3.8 % of 506). Actually, when 
only non-transposed fistulas were compared to grafts, there 
was no difference. The terminal arch of the cephalic vein 
(cephalic arch) is a venous site that is especially susceptible 
to rupture [129, 131, 136]. It has been reported that the inci- 
dence of venous rupture is higher in female patients than in 
males, one study finding a 2:1 ratio [135]. 

The clinical significance of this complication varies con- 
siderably, ranging from none to a loss of the access. The dif- 
ference lies in the severity of the rupture and the success of 
the management. The presence of this complicating event is 
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Fig. 30.12 Subclinical extravasation of contrast (arrow) 


heralded by the extravasation of radiocontrast, blood, or 
both. As soon as the occurrence of a venous rupture has been 
recognized, the access should be manually occluded to arrest 
further extravasation until an evaluation of the situation has 
been completed [137]. 

Some of the clinical problems occur when the extravasa- 
tion that occurs is associated with the formation of a hema- 
toma. A classification system has been devised for 
extravasation (Table 30.4). This is based primarily upon 
clinical significance of the hematoma [138, 139]. 


Subclinical Extravasation of Contrast (SEC) 

An SEC simply represents the extravasation of a small 
amount of radiocontrast at the site of the dilatation: there is 
no associated hematoma (Fig. 30.12, Table 30.4). These 
small extravasations are of no clinical significance. It is not 
unusual to observe a small ecchymosis over the treated site 
the day following therapy making it obvious that a small, 
subclinical extravasation of blood has occurred. Although 
there may be a slight degree of tenderness, an SEC is 
generally asymptomatic and only obvious on fluoroscopy. 


Management 

The SEC is of no consequence and may be totally missed 
except by the patient who may not mention it. Nothing need be 
done for these cases except to reassure the patient (Table 30.5). 


Grade 1 Hematoma 
A grade 1 hematoma is stable, e.g., not continuing to grow, 
and does not affect flow (Fig. 30.13, Table 30.4). It is of no 
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Table 30.4 Extravasation classification 


Subclinical extravasation of contrast (SEC) 
No associated hematoma* 

Only evident on fluoroscopy 

Grade | hematoma 
Does not interfere with flow* 

Size variable 
Requires no therapy 
Stable* 

Grade 2 hematoma 

Slows or stops flow* 
Size variable 
Therapy required 

Stable* 

Grade 3 hematoma (vein disruption) 
Large extravasation or hematoma 
Size variable, generally large 
Continues to expand may be rapid* 
Pulsatile* 


‘Denotes defining feature 


Table 30.5 Managing extravasation 


Subclinical extravasation of contrast 
No treatment required 
Grade | hematoma 
Symptomatic management of symptoms 
Grade 2 hematoma 
Restore lumen with prolonged balloon dilatation (primary) 
Endovascular stent (secondary) 
Grade 3 hematoma (vein disruption) 
Endovascular stent (primary) 
Occlude access (secondary) 


real consequence to the outcome of the procedure. This is 
true regardless of its size. In general, a hematoma that 
remains stable over 30 min to an hour period will continue to 
behave in this manner as long as the downstream vascular 
drainage is patent. This is the most common complication 
associated with venous angioplasty [17]. 


Management 

Since the condition is stable and flow is not affected, no spe- 
cific treatment is required for a grade 1 hematoma. The area 
may be moderately tender, and the patient may experience 
some mild pain, more intense symptoms are uncommon. The 
patient may benefit from symptomatic measures, however 
(Table 30.5). 


Grade 2 Hematoma 

If a hematoma is stable but affects flow, it is classified as a 
grade 2 hematoma (Fig. 30.14, Table 30.4). This is the only 
feature that distinguishes it from a grade 1. Most of these 
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lesions stabilize very quickly after they form. If they do not, 
they may progress rapidly which signifies that it is actually a 
grade 3 hematoma in most instances. 


Management 
These cases require treatment in order to restore flow. Two 
mechanisms that can obstruct flow are in effect; firstly, the 
tear in the wall of the vessel may be displaced into the former 
lumen resulting in its obstruction, and secondly, the hema- 
toma can compress the vessel obstructing its lumen. The goal 
of treatment is to press the vessel wall and the tear outward 
to open the lumen and restore flow (Table 30.5). This treat- 
ment requires that a guidewire be positioned across the 
lesion. If this is the case, the likelihood of salvage is in the 
range of 90 % or better. If the guidewire has been inadver- 
tently removed, the chances of passing it across the site again 
are probably no better than 50 %. 

As mentioned above, manual occlusion of the arterial 
inflow should be effected and maintained while the problem 


Fig. 30.13 Grade 1 hematoma (arrows), the condition is stable and 
flow is not affected 


is assessed. Additionally, the occlusion should be continued 
during treatment. The angioplasty balloon that was used for 
the basic treatment should be positioned across the site of the 
rupture and inflated with a low pressure; only the amount 
necessary to fully expand the balloon should be applied. This 
should be maintained for a period of 4-5 min. After that 
time, the balloon should be deflated and gently removed. The 
site should then be checked using a puff of radiocontrast to 
determine if flow has been restored. If flow appears normal 
or relatively so and the hematoma is stable, nothing further 
needs to be done. Actually, attempts to do more can lead to 
additional problems. However, if flow continues to be sig- 
nificantly affected, balloon tamponade should be repeated. If 
the problem persists after this, insertion of an endovascular 
stent should be considered [140-143]. If this treatment is 
unsuccessful, the access may be lost if surgical revision is 
not possible. 


Grade 3 Hematoma 

The defining feature of a grade 3 hematoma is that it is unsta- 
ble (Fig. 30.15, Table 30.4). It continues to enlarge. 
Hematoma formation generally occurs very rapidly after the 
angioplasty dilatation and in some instances may be painful 
(dampened by sedation/analgesia). The size attained by the 
hematoma, however, is quite variable. It depends on how 
quickly the condition is recognized and extravasation is con- 
trolled (with manual occlusion). The hematoma begins, 
expands rapidly, and is pulsatile. Arterial blood is being 
pumped directly into the tissue surrounding the area. Early 
recognition is critical; unfortunately the site may be covered 
by the drapes and not quickly recognized. Dilatation of the 
vein with angioplasty may elicit pain, but it should immedi- 
ately resolve with balloon deflation. Pain and discomfort that 
continues should arouse suspicion of a venous rupture. 


Management 
When a grade 3 hematoma occurs, there is a definite risk of 
losing the access. There is also the risk of sizable blood loss, 


Fig. 30.14 Grade 2 hematoma. (a) Hematoma with no flow. (b) Balloon tamponade. (c) Restoration of flow 
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Fig. 30.15 Grade 3 hematoma. (a) Lesion prior to PTA (arrow), (b) vein rupture (arrow) which was unstable and did not respond to tamponade, 
(c) stent graft in place (arrows), (d) restoration of flow through stented area (arrows) 


if not quickly controlled. The primary goal in the manage- 
ment of a grade 3 hematoma is to arrest its progression as 
quickly as possible. This is critical to limit the size of the 
hematoma and the volume of blood lost. As soon as the situ- 
ation is recognized, the access should be manually occluded 
to arrest further extravasation [137]. Salvage using a stent 
graft (Table 30.5) should be attempted and is frequently suc- 
cessful [131, 144]. If it is not, the graft should be throm- 
bosed. To accomplish this, simply inflate the angioplasty 
balloon to a low pressure within the access below the site of 


rupture and leave it in position until the access is throm- 
bosed. This generally necessitates an overnight admission 
for observation. Emergency surgery is not necessary; how- 
ever, the patient will need a dialysis access for both the short 
and long term. 


Arterial Embolization 

Arterial embolization is a complication of thrombectomy that 
can occur regardless of whether a mechanical or surgical tech- 
nique is used [128, 145]. The occluded graft contains two types 
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Fig. 30.16 Clot from thrombosed graft. (a) Arterial plug, (b) clot fragments that make up most of thrombus that is present 


of thrombus, a firm arterial plug and a variable amount of soft 
thrombus (Fig. 30.16). Most of the clot present is of the latter 
type. This is poorly organized red thrombus that is friable and 
disintegrates easily. The arterial plug consists of a firm, lami- 
nated, organizing thrombus ranging from 5 mm to 3 cm in size 
[146]. It is found just downstream (antegrade) from the arterial 
anastomosis. This thrombus has a concave surface and forms a 
plug (Fig. 30.16) that is firmly attached to the wall of the graft 
at the point of maximum turbulence from the arterial inflow. It 
has been reported to be somewhat resistant to enzyme lysis 
[147, 148]. Any thrombotic material within the access has the 
potential for giving rise to an embolus; however, it is usually 
the arterial plug that is involved or at least a piece of it. With an 
upper arm access, the clot generally lodges in the brachial 
artery just above the bifurcation. 

Arterial emboli are more commonly associated with the 
thrombectomy of a graft than with a fistula but can occur 
with either [17]. Although the reasons for this are not clear, it 
should be noted that the thrombus present in a fistula is 
mildly inflammatory and tends to become attached to the 
vessel wall. This decreases its ability to become detached 
and embolize. 


Signs and Symptoms 

The symptoms of embolization are those of hand ischemia. 
The hand and especially the fingers turn cold and take on a 
bluish discoloration that becomes mottled. These changes 
generally come on with the sudden onset of pain. In evaluating 
a patient’s hand for a suspected embolus, it is important to 
compare it with the opposite hand. If both are cold and mot- 
tled, it is not likely that the hand in question reflects an acute 


problem. The pulses at the wrist are generally absent or con- 
siderably diminished, a change that can be appreciated only if 
the patient was carefully evaluated prior to having the throm- 
bectomy procedure. A Doppler signal is generally present over 
the arteries at the wrist even when the pulse is not palpable, 
although it is frequently diminished. If nothing is detected 
with Doppler examination, the urgency for immediate treat- 
ment to avoid tissue damage is even greater than usual. 


Management 

As is the case with all PRCs, the first aspect of management 
is avoidance. Although the occurrence of small asymptomatic 
and therefore inconsequential emboli may be unavoidable 
when doing a thrombectomy procedure, it is important to take 
measures to avoid the introduction of large clot fragments 
across the arterial anastomosis. Fluids (saline, radiocontrast, 
medications) are commonly introduced into the access during 
a thrombectomy procedure; care should be exerted to avoid 
doing it too rapidly and never doing it if the outflow is 
obstructed. The volume of a graft is actually rather small, 
injected fluid has to go somewhere. If the outflow is not open, 
it will generally go retrograde due to pressurization of the 
graft lumen. This risks refluxing thrombotic material across 
the arterial anastomosis. This is true even after the thrombec- 
tomy procedure is completed. One should never occlude the 
access and do a retrograde injection to visualize the anasto- 
mosis and adjacent artery. Even if the graft looks clean angio- 
graphically, clot fragments may still be present. Additionally, 
care must be used in passing devices across the arterial anas- 
tomosis during the thrombectomy procedure. It is possible to 
push material into the artery resulting in a problem. 
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Fig. 30.17 Arterial embolus. (a) Embolus (arrow) occluding radial artery. (b) Appearance after embolectomy (site of previous embolus indicated 
by arrow) 


Table 30.6 Treatment modalities for arterial emboli 


Percutaneous — mechanical 
Balloon catheter embolectomy 
Catheter thromboaspiration 
Back-bleeding 

Percutaneous — pharmacological 
Thrombolysis 

Surgical embolectomy 


Symptomatic emboli (Fig. 30.17) must be treated in a 
timely fashion in order to prevent permanent sequelae. 
Treatment should be directed at restoring flow to the isch- 
emic hand as quickly as possible in order to relieve the 
patient’s pain and preserve hand function by avoiding sec- 
ondary muscle ischemia and necrosis. Outcomes and prog- 
nosis largely depend on a rapid diagnosis and initiation of 
appropriate and effective therapy [149]. There are several 
approaches to the therapy of symptomatic peripheral artery 
emboli (Table 30.6). These can be divided into percutaneous 
and surgical. Further, the percutaneous approach can be sub- 
divided into mechanical and pharmacological. 


Percutaneous Mechanical Three percutaneous mechanical 
techniques for the treatment of an arterial embolus in this 
situation have been described. 


Table 30.7 Balloon catheter embolectomy 


Document the presence and location of the embolus 


Pass a guidewire (a hydrophilic guidewire has a potential advantage) 
past the blockage 


Insert a balloon catheter, angioplasty or occlusion balloon, beyond 
the embolus 


Inflate and pull back to retrieve the clot into the access 
Document the final appearance of the vessel angiographically 


Balloon Catheter Embolectomy As usually performed 
[137, 144], this technique involves the passage of a guidewire 
beyond the embolus once it has be identified and localized 
angiographically. Then a balloon, either an occlusion balloon 
(Boston Scientific, Natick, MA, USA) or an angioplasty bal- 
loon, is passed over the guidewire to a level below the embolus, 
inflated and withdrawn to extract the clot (Table 30.7). 


Catheter Thromboaspiration The percutaneous aspiration 
thrombectomy technique uses a large-bore catheter con- 
nected to a syringe to aspirate clot from vessels. With this 
technique [150, 151], after the embolus is identified and 
localized angiographically, a 7 or 8 French catheter is passed 
down to a point that it is in contact with the embolus. Suction 
is then applied with a large syringe to secure the clot to the 
end of the catheter. The catheter is then withdrawn along 
with the clot as continuous suction is applied (Table 30.8). 
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Table 30.8 Catheter thromboaspiration 

Document the presence and location of the embolus 
angiographically 

Pass a guidewire beyond the clot fragment and insert a 7 or 8 F 
catheter 


Position the catheter just above the embolus and in contact with it 


Apply strong manual aspiration pressure using a 50 mL Luer-Lok 
syringe attached to the catheter as it is slowly withdrawn 


Check the aspirate to see if the clot has been removed 


Repeated the angiogram with a small volume of radiocontrast to 
document the result 


Table 30.9 Back-bleeding 

Document the presence and location of the embolus 
angiographically 

Occlude the distal brachial artery central to the anastomosis using 
a balloon — Fogarty catheter or an angioplasty balloon 


Instructed the patient to exercise their hand vigorously for 
approximately 1 min 


This increases blood flow to the hand through collaterals and 
enhances the backflow up the artery pushing the clot back into the 
access 


After the occluding balloon has been deflated, perform an 
arteriogram to document the result 


Back-Bleeding The back-bleeding technique [152] is 
dependent upon the fact that, except in the face of severe 
peripheral artery disease, when the distal brachial artery is 
occluded, there is enough blood flow to the distal extremity 
through other vessels to still provide adequate perfusion. 
Success of this procedure is dependent upon the presence of 
this persistent perfusion causing blood to flow retrograde in 
the distal artery. This pushes the clot upward and into the 
graft relieving the obstruction. For this to work the access 
must be open and flowing. Firstly, the artery above the anas- 
tomosis is occluded with a balloon catheter. The patient is 
then instructed to exercise their hand for 1 min. A repeat 
angiogram is performed to check the result (Table 30.9). 


Percutaneous Pharmacological This technique is generally 
referred to as regional intra-arterial infusion [149]. Firstly, the 
occluded arterial segment is selectively catheterized with the 
catheter tip positioned just proximal to the embolus. A lytic 
agent is then infused directly onto the clot. Tissue plasmino- 
gen activator (t-PA) is the agent generally used which is a 
very effective fibrinolytic agent and has the additional advan- 
tage of an extremely short half-life (5.0+ 1.8 min). 

This technique is usually reserved as a backup in the event 
of failure of one or more of the other percutaneous tech- 
niques and generally requires that the patient be referred to 
the hospital. Patients with evidence of severe ischemia 
should not be treated with this technique because catheter- 
based thrombolytic therapy often takes several hours and 
threatened ischemic changes may become irreversible over 
the course of treatment. These patients should be treated 


surgically on an emergent basis [149]. Additionally, the arte- 
rial plug is frequently the clot that results in an embolus, and 
it is somewhat resistant to fibrinolysis [147, 148]. Absolute 
and relative contraindications to thrombolytic therapy should 
be observed when this technique is considered [149, 153]. 
A significant number of patients will be found to fall within 
this category [154]. If these cases cannot be managed with 
mechanical means, surgical management is indicated. 


Surgical Embolectomy A surgical thrombectomy gener- 
ally consists of opening the exposed artery and extracting the 
clot using an embolectomy balloon. This procedure is facili- 
tated considerably by localizing the exact site of the embolus 
angiographically prior to beginning. Clot resistance plus the 
fact that thrombolysis is not rapid has led some to feel that 
prompt surgical treatment may have an advantage. This is 
especially true in cases of severe ischemia requiring emer- 
gent reperfusion [149]. 


Pulmonary Embolization 

There are reports of patients experiencing acute cardiopul- 
monary distress and even dyspnea and chest pain, soon after 
dislodgement of the arterial plug in the thrombectomy proce- 
dure. This temporal relationship strongly suggests that dis- 
lodgement of the arterial plug, and subsequent embolization 
of thrombotic material to the pulmonary arteries, is the cause 
of these clinical symptoms [128, 155—158]. There is no doubt 
that during a thrombectomy procedure, there is some degree 
of embolization to the lungs of the patient. Even during dial- 
ysis, there is microembolization to the lungs [159-161]. 

Clinical studies have demonstrated that the entire contents 
of a thrombosed hemodialysis graft can be safely embolized 
to the pulmonary circulation [162—165]. Although the major- 
ity of patients tolerate iatrogenic pulmonary emboli, the 
long-term consequence of these “silent” emboli has raised 
concern [166]. A high incidence (40-52 %) of pulmonary 
hypertension as detected by Doppler echocardiography has 
been reported in patients receiving chronic hemodialysis 
therapy via an arteriovenous access [167, 168]. A relation- 
ship between this and both microembolization associated 
with dialysis [160] and embolization from recurrent access 
thrombectomy [168] has been suggested. 

Several different investigators have utilized ventilation 
and perfusion lung scans to evaluate post-thrombectomy 
pulmonary embolization [163, 169-171]. Some have shown 
no problems [170]. However, in other series abnormal perfu- 
sion scans following percutaneous thrombectomy of hemo- 
dialysis grafts have been high even though patients remained 
asymptomatic [163, 171]. This is thought to be related to the 
fact that the quantity of thrombus present in a thrombosed 
access is generally small [146]. However, death from acute 
pulmonary embolism in this setting has been reported [169]. 
Patients with severe cardiopulmonary disease are at high risk 
for complications during a percutaneous thrombectomy 
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Table 30.10 Modified sPESI Index 


Age >80 years 

Heart failure 

Chronic lung disease 

Pulse >100 

Systolic BP <100 mmHg 
Respiratory rate >30/min 
Arterial oxygen saturation <90 % 


procedure. The clinical significance of pulmonary emboliza- 
tion is not entirely based upon the volume of thrombus [166]. 
Even smaller emboli can result in the release of vasoactive 
substances that cause constriction of the pulmonary arteri- 
oles and an acute elevation of pulmonary arterial pressure. 
Patients with preexisting heart failure may not be able to tol- 
erate this additional increase in pulmonary arterial pressure. 
Patients with a large clot load associated with large dilated, 
aneurysmal fistulas are at much greater risk of serious effects 
from embolized thrombus. 

A probe-patent foramen ovale has been reported to be 
present in 27-35 % of the general population at autopsy 
[172, 173], meaning that a probe can be passed across the 
opening although its flap-valve like architecture is such that 
it normally prevents the passage of blood. These individuals 
do not have right-to-left shunts normally; however, in dialy- 
sis patients with severe pulmonary hypertension, shunting 
from right to left can occur. These individuals are at risk of 
developing paradoxical emboli [174, 175]. A fatality due to a 
paradoxical embolism that occurred during a hemodialysis 
graft thrombectomy procedure has been reported [176]. 


Management 
As is always the case, the first principle of management is to 
take steps to minimize the risk. There are cases of access 
thrombosis in which the clot load is quite large. It is advis- 
able, for safety sake, that before doing an endovascular 
thrombectomy, the case be evaluated for the size of the 
thrombotic material that is present. If the clot load appears to 
be large, as in a dilated aneurysmal fistula (mega-fistula), the 
procedure should not be performed in a freestanding facility. 
If it is to be done (many actually need surgical revision or 
replacement), it should be performed in the hospital setting. 
Faced with the sudden appearance of signs or symptoms 
compatible with the occurrence of a PE, superimposed upon 
a clinical situation in which such an adverse event is possible 
(large clot load), a determination should be made as to 
whether the patient is at high risk for an adverse outcome. In 
order to accomplish this task, the use of a risk scale has been 
recommended [177]. If any of the variables listed in 
Table 30.10 (sPESI) are present, the patient should be evacu- 
ated immediately to the hospital for emergency care. Since 
events such as a drop in blood pressure, tachycardia, and a 
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drop in oxygen saturation are not infrequent, these index 
variables should be taken to mean a persistent change 
(>15 min) rather than a transient alteration. 


30.3 Sedation/Analgesia-Related 
Complications (SARC) 
30.3.1 Introduction 


Most of the endovascular procedures performed for dialy- 
sis vascular access maintenance are painful and require the 
use of sedation/analgesia in order to minimize discomfort 
and relieve anxiety. This requirement takes on even greater 
significance in dealing with hemodialysis patients in that 
maintenance of their vascular access is a procedure-inten- 
sive endeavor generally necessitating repeated visits to an 
interventional facility [178]. An unpleasant episode or one 
associated with pain and discomfort adds greatly to the anxi- 
ety and stress associated with subsequent episodes of access 
dysfunction. 

“Sedation and analgesia” describes a specific sedated state 
that allows a patient to tolerate unpleasant procedures while 
maintaining adequate cardiorespiratory functions and the 
ability to respond purposely to verbal command and/or tactile 
stimulation. With appropriate sedation/analgesia, the patient 
retains the ability to maintain their airway independently and 
continuously and to respond appropriately to physical stimu- 
lation and verbal command. Although this is quite different 
from anesthesia, it definitively creates an increased level of 
risk to the patient and complications can occur. 


30.3.2 Agents Used 


Sedation/analgesia is most effectively accomplished through 
the use of intravenously administered medications. These 
include benzodiazepines and opioids, alone or in combina- 
tion [179]. In the typical dialysis access interventional facil- 
ity operated by an interventional nephrologist, the most 
common agents used are midazolam (benzodiazepine) and 
fentanyl (opioid). 


Midazolam (Versed) 

Although it is not an analgesic, midazolam is ideal as a sin- 
gle agent to provide the degree of sedation required for per- 
forming short minor surgical procedures [180]. When it is 
used appropriately, patients generally have no significant 
indications of pain or discomfort during the procedure or 
memory of pain afterwards. The onset of action with mid- 
azolam is rapid, 1-2 min, and the duration of action is short, 
in the range of 30 min. With procedures of long duration, 
multiple doses can be given successfully. 
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Table 30.11 Adverse effects of midazolam 
Hiccups 

Nausea, vomiting 

Coughing 

Hyperactive and agitated 

Hypoventilation (decrease in tidal volume) 
Decreased respiratory rate 

Apnea 

Hypotension 

Tachycardia 


It is important that the dose of midazolam administered 
be titrated to the effect desired because of individual patient 
differences. Titrated doses in the range of 0.05-0.15 mg/kg 
fall into the sedation range; doses in the range of 0.1-0.4 mg/ 
kg generally induce sleep (anesthesia) [181]. For a 70 kg per- 
son, this would be 3.5—10.5 mg for sedation. In reviewing the 
sedation/analgesia records of 12,896 hemodialysis patients 
undergoing dialysis access maintenance procedures, it was 
found that when midazolam was administered for sedation as 
the sole agent, the mean dosage used was 3.4+1.5 mg. This 
dosage is in line with that reported for other procedures of a 
like nature [182, 183]. However, the dosage used should be 
individualized based on the patient’s response in achieving 
the desired clinical effect. It is very helpful to look back at 
previous procedures if available to see how much S/A 
medication the patient received and use this as a guide to 
how much they will need (tolerate). 

The major adverse effects associated with midazolam 
administration are related to pulmonary and cardiovascular 
events [184-189] (Table 30.11) and are dose dependent 
[181, 190]. 


Reversal Agent 

Flumazenil (Romazicon) is a specific benzodiazepine antag- 
onist. Used intravenously, it has been shown to reverse seda- 
tion and ventilatory depression produced by benzodiazepines 
in healthy human volunteers [191]. Its onset of action is 
rapid, and usually, effects are seen within 1-2 min (much 
faster if given centrally). The peak effect is seen at 6-10 min. 
Since benzodiazepine effects are dose dependent and appear 
to correspond to the proportion of receptors that bind agonist 
drug, a titrated dose of flumazenil may initially reverse hyp- 
nosis and, upon continued titration, reverse sedation as well 
[192, 193]. 

For the reversal of the sedative effects of midazolam 
administered for sedation/analgesia, the recommended ini- 
tial dose of flumazenil is 200 ug (2 mL) administered intra- 
venously over 15 s. If the desired level of consciousness is 
not obtained after waiting an additional 45 s, a second dose of 
200 ug (2 mL) can be injected and repeated at 60-s intervals 
where necessary to a maximum total dose of 1 mg (10 mL). 


Table 30.12 Adverse effects of fentanyl 
Muscle rigidity 

Bradycardia 

Hypotension 

Nausea, vomiting 

Depresses brain stem ventilation 
Reduction in respiratory rate 

Decreased sensitivity to CO, stimulation 
Apnea 


Fentanyl (Sublimaze) 

Fentanyl is the opioid most commonly used for sedation/ 
analgesia because of its short duration of action [194]. It is 
approximately 600 times more lipid soluble and 100 times 
more potent than morphine, with 100 pg of fentanyl being 
approximately equivalent to 10 mg of morphine and 75 mg 
of meperidine in analgesic activity [195]. Because of its lipid 
solubility, fentanyl is able to quickly cross from the blood 
into the brain. As a result, the onset of action of fentanyl is 
almost immediate when the medicine is given intravenously. 
However, the maximal analgesic and respiratory depressant 
effect may not be noted for several minutes. The usual dura- 
tion of action of analgesic effect is 30—60 min after a single 
intravenous dose of up to 100 pg [196]. In elderly patients 
and patients with liver disease the half-life of fentanyl is pro- 
longed; therefore, these patients should have a reduced dos- 
age [195]. 

The dosage of fentanyl should also be individualized. 
Some of the factors to be considered in determining the dose 
are age, body weight, physical status, comorbidities, use of 
other medicines, and the procedure involved. The initial dose 
should be reduced in the elderly and in debilitated patients. 
The effect of the initial dose should be taken into account in 
determining supplemental doses. 

When used to induce sedation/analgesia for dialysis vas- 
cular access interventional procedures, 50-100 pg should be 
administered intravenously initially. This may be repeated at 
2- to 3-min intervals until the desired effect is achieved. A 
reduced dose as low as 25-50 pg is recommended in elderly 
and poor-risk patients. The dose may need to be adjusted if 
given with a benzodiazepine [197]. 

In the presence of renal impairment, fentanyl is consid- 
ered to be one of the safest drugs available because it does 
not deliver a high active metabolite load or have a signifi- 
cantly prolonged clearance [195]. Nevertheless, it can have 
adverse effects [198-201] (Table 30.12). All adverse effects 
of fentanyl are dose related. The major adverse reaction is 
altered respiration. Like all opioids, analgesia is accompa- 
nied by marked respiratory depression, but with fentanyl 
its onset is more rapid [198]. The duration of the respira- 
tory depressant effect of fentanyl may be longer than the 
analgesic effect [202, 203]. There is a direct depression of 
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brain stem ventilation and a dose-dependent reduction in 
respiratory rate [201]. Sensitivity to CO, stimulation is also 
decreased and may persist longer than depression of respira- 
tory rate. This diminished sensitivity frequently slows the 
respiratory rate. 


Reversal Agent 

Naloxone (Narcan) is a pure opioid antagonist preventing or 
reversing the effects of opioids, including respiratory depres- 
sion, sedation, and hypotension, by direct competition at mu, 
kappa, and sigma opioid receptor binding sites. In patients 
with respiratory depression, an increase in respiratory rate is 
generally seen within 1 or 2 min. Sedative effects are 
reversed and blood pressure, if depressed, returns to normal 
[198]. Naloxone will reduce the systemic side effects of opi- 
oids in a dose-dependent manner. Higher doses will reverse 
analgesia; lower doses will reverse opioid-related side effects 
without antagonizing analgesia [204]. 

Naloxone should be administered parenterally. After 
intravenous administration, naloxone is rapidly distributed 
throughout the body. It is highly lipophilic and readily 
crosses into the brain. Onset of action after IV dosing is 
within 2 min. When treating a patient demonstrating the 
adverse effects of fentanyl, an initial dose of 0.4-2.0 mg of 
naloxone may be administered intravenously. If the desired 
degree of reversal of respiratory function is not obtained, the 
dose may be repeated at 2-3 min intervals. If no response is 
observed after 10 mg has been administered, the diagnosis of 
narcotic overdose should be questioned. 

It has been recommended that patients who receive nalox- 
one be continuously observed for a minimum of 2 h after the 
last dose [205]. Antagonism of opioid effects by naloxone 
may be accompanied by an “overshoot” phenomenon. If this 
occurs, the respiratory rate depressed by opioids transiently 
becomes higher than that before the period of depression. 
Rebound release of catecholamines may cause hypertension, 
tachycardia, and ventricular arrhythmias. Pulmonary edema 
has been reported in these cases [198]. 

In case in which both midazolam and fentanyl have been 
used, reversal of only the benzodiazepine by the administra- 
tion of flumazenil alone is often effective [206]. 


30.3.3 Precautions 


The physician who administers sedation/analgesia must be 
experienced in the use of the necessary drugs and in the abil- 
ity to recognize and deal with the complications that might 
ensue. Expertise in airway management is essential. The use 
of a carefully designed patient safety protocol is important 
[177]. There are safety issues that are important pre- and 
post-procedure as well as intra-procedure. 
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Pre-procedure 

A focused medical history and physical examination to 
detect issues that might make the patient more prone to a 
SARC or make the patient’s management more difficult 
should such an adverse event arise are essential [207]. In 
addition, the risks of sedation/analgesia relate directly to the 
patient’s overall clinical status. Two systems have been pro- 
posed — a Numerical Clinical Scoring (NCS) system 
[139, 208] and the American Society of Anesthesiologists 
Physical Status (ASA-PS) Classification system. The NCS 
system is similar to the Aldrete Scoring System that has been 
used in anesthesiology for more than 30 years and has been 
validated [138]. It is more detailed and specific to the dialy- 
sis patients, however. 


Intra-procedure 

Supplemental oxygen should be administered for all cases in 
which sedation/analgesia is used. In general, nasal oxygen at 
2 L/min is appropriate. Vascular access for administration of 
medications is mandatory and should be maintained through- 
out the procedure and until the patient is no longer at risk for 
cardiorespiratory depression [178]. Dialysis access proce- 
dures are somewhat unique in that as a general rule, they 
cannot be done unless vascular access is established for the 
purposes of the treatment. This access can then be used for 
the purposes of administering medications; a dedicated intra- 
venous line is not necessary in these cases. 

The use of sedation/analgesia creates a mandatory require- 
ment for careful patient monitoring. The availability of a 
nurse to monitor the patient’s status reduces the risk of 
adverse events and should be considered mandatory [178]. 
Patients can experience cardiovascular decompensation or 
cerebral hypoxia as a result of over sedation or as a conse- 
quence of a hypersensitivity reaction to drugs (e.g., radiocon- 
trast) that are administered during the procedure. The timely 
detection and treatment of these complications is dependent 
upon careful patient monitoring. Level of consciousness, ven- 
tilation, oxygenation, blood pressure, pulse rate, and pain lev- 
els should be monitored and recorded contemporaneously. 

It is important that the dosages of medications adminis- 
tered for sedation/analgesia be titrated to the effect desired 
because of individual patient differences. Reduced doses 
should be used in patients that are elderly, small, debilitated, 
and hypovolemic, have COPD, or have sleep apnea. 

No sedation/analgesia should ever be administered unless 
the pharmacological antagonist for the drug(s) used is read- 
ily and immediately available [178]. This should be taken to 
mean that the drug is setting out and available for immediate 
access, not in a locked cabinet. When there is a need for 
reversal of sedation/analgesia, it is because there is an emer- 
gent problem. Delay can lead to anoxia and the risk of neu- 
rological injury. 
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The immediate availability of a “crash cart” with equip- 
ment for establishing a patent airway, including intubation, 
and providing positive pressure ventilation with supplemen- 
tal oxygen should also be considered mandatory whenever 
sedation/analgesia is administered [178]. Suction and a defi- 
brillator in good working order should be on the cart. A full 
battery of resuscitation medications should also be consid- 
ered essential for this piece of emergency equipment. 


Post-procedure 

After a procedure requiring sedation/analgesia is completed, 
the patient should be sent to a recovery area where continu- 
ous monitoring and resuscitative equipment are available. 
Patients need to recover fully to their pre-sedation level of 
consciousness and exhibit stable vital signs and intact pro- 
tective reflexes prior to discharge. 


30.3.4 SARCs 


Examination of the side effects of the drugs used makes it 
apparent that the SARCs that can be anticipated to occur 
include hypotension, a drop in oxygen saturation below 
90 %, and apnea [139, 208]. Because of the nature of the 
dialysis population involved, for these events to be signifi- 
cant, they should be more than transitory. 

When the above described precautions are taken, the inci- 
dence of a SARC is relatively low. In a review of 12,869 
cases [179], PRCs were observed in 2.9 % of the cases. 
However, there were only 17 cases (0.12 % of cohort, 4.6 % 
of the complications observed) in which complications were 
noted that were felt to be directly attributable to the medica- 
tions used for sedation/analgesia. These consisted of a drop 
in blood pressure in 7 patients, an oxygen saturation of less 
than 90 % in 7, 1 episode of transient apnea, and 2 cases in 
which the NCS score was adverse post-procedure. Two 
deaths were observed but were temporally removed from the 
procedure and not felt to have occurred as a direct result of 
the procedure. 


Hypotension 

While criteria for judging the gravity of a fall in blood pres- 
sure have been suggested based upon the level of therapy 
required [139, 208], there are no guidelines based upon the 
degree of hypotension experienced by the patient. This is 
especially true for the dialysis patient. Actually, it is some- 
what difficult to determine if a fall in blood pressure repre- 
sents a definite SARC. It is not unusual for the dialysis 
patient to be hypertensive as a result of omitting the medica- 
tion in preparation for the procedure or as a result of anxiety. 
The administration of sedation/analgesia often has an ame- 
liorative effect. Some patients have chronic hypotension 


making the detection of a SARC difficult. However, if the 
systolic blood pressure falls below 100 mmHg and is more 
than transient in a patient not previously hypotensive, a com- 
plication related to the sedation/analgesia should be sus- 
pected. When this represents a definite SARC, it is frequently 
also accompanied by a fall in oxygen saturation. 


Management 

Because of the gravity of the situation that exists when a fall 
in blood pressure of the magnitude described occurs and 
because there are other reasons in this patient population for 
the development of hypotension, the best course of action is 
to administer the reversal agent flumazenil. This should 
effectively remove sedation from consideration as a cause 
for the problem very quickly. 

In many instances the patient who is experiencing an 
adverse event related to sedation/analgesia has been given 
both a benzodiazepine and an opioid. It has been shown that in 
cases such as this where the problem is respiratory depression, 
the reversal of only the benzodiazepine by the administration 
of flumazenil alone is often sufficiently effective [206]. 


Drop in Oxygen Saturation 
Nasal oxygen at 2 L/min should be administered routinely to 
all patients receiving sedation/analgesia. It is important to be 
able to interpret the information provided by the pulse oxim- 
eter. In order to do this, it is of value to understand how the 
device works and how it correlates with blood oxygen levels 
(paO2). The color of blood varies depending on the amount 
of oxygen that it contains. The pulse oximeter shines two 
beams of light through the finger to which it is attached, one 
beam is red light (which is visible), and the other is infrared 
light (which is invisible). These two beams of light allow the 
pulse oximeter to detect the color of the arterial blood and 
from this, the oxygen saturation. However, there are other 
things in the finger which will absorb light, so in order to 
determine the color of the arterial blood, the pulse oximeter 
looks for the slight change in the overall color caused by a 
beat of the heart pushing arterial blood into the finger. This 
change in color is very small so pulse oximeters work best 
when there is a good strong pulse in the finger that the probe 
is on. If the signal is too low, it will not be able to work. 
Oxygen saturation (SaO,) measured in this way represents 
the percentage of all the available heme-binding sites satu- 
rated with oxygen in arterial blood. Technically what is being 
measured is the “fractional” oxygen saturation, that is, the 
amount of oxygen the hemoglobin is carrying as a percentage 
of the maximum possible that could be carried by that much 
hemoglobin could carry. Correlation coefficients between 
pulse oximetry and direct blood oxygen saturation measure- 
ment range from 0.77 to 0.99 when oxygen saturation is 
greater than 60 % [209]. 
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Table 30.13 Correlations and significance of SaO, values [210] 


SaO, (%) PaO, (mmHg) 
Normal (range) 97 (95-100) 98 (80-100) 
Slight hypoxemia <95 <80 
Mild hypoxemia 90-94 60-79 
Moderate hypoxemia 75-89 40-59 
Severe hypoxemia <75 <40 


Table 30.14 Primary algorithm 
A — Airway 

B - Breathing 

C — Circulation 

D —- Drugs 


Table 30.15 Secondary algorithm 
A. Airway 

B - Breathing 

C — Circulation 

D — Differential diagnosis 


The normal range for SaO, is 95—100 %. It is useful to 
remember that an SaO, of 90 % correlates with a paO, of 
60 mmHg. The 90-60-30 mnemonic may be helpful — 
90 %=60 mmHg, 60 %=30 mmHg. Table 30.13 shows 
other correlations and a hypoxia classification indicating its 
significance. 

SaO, by itself does not tell the whole story concerning the 
patient’s respiration; at a minimum it is also necessary to 
record the respiratory rate and observe the patient’s respiratory 
activity. A patient receiving oxygen with an acceptable SaO, 
who has gasping respiration at a normal rate is in trouble. It 
may take a few moments for the SaO, to fall, delaying prob- 
lem recognition, if that is the only variable being monitored. 


Management: Primary Algorithm 

In assessing a situation where there is a drop in SaO,, it is 
useful to use an ABCD mnemonic as shown in Tables 30.14 
and 30.15. Primary and secondary algorithms are needed. 
The primary algorithm (Table 30.14) represents the first 
level of response to the adverse event. This should be a step- 
wise approach directed toward observing a rise in the 
patient’s SaO,. Once it has returned to normal levels, the 
event is over and further action is not required except to pre- 
vent a recurrence. The secondary algorithm is used in the 
event of failure of the first level of actions. 


Airway 

The first step is to check the airway. In most instances the 
patient has been positioned with a pillow under their head at 
the beginning of the procedure. As a first step, this should be 
removed. Additionally, repositioning the head to open the 
airway by getting the chin up is important (Fig. 30.18). 
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Fig. 30.18 Positioning to open airway (arrows) with head back and chin up 


Breathing 

The first step here is to be sure that the patient is actually 
breathing and not apneic. The patient should be stimulated 
verbally to take a deep breath. If this is not effective, they 
should be stimulated physically (pat face, pinch their neck 
or shoulder). Check to be sure that oxygen is actually on and 
increase the delivery rate to 4 L/min. Many patients are mouth 
breathers, especially when asleep. If this is the case, move 
the nasal prongs to the mouth to assure that they are actually 
inhaling the oxygen. Sleep apnea can cause partial obstruc- 
tion to the airway. This will be made evident by loud snoring. 
This can generally be relieved by inserting a “nasal trumpet” 
(nasopharyngeal airway) into the mouth (Fig. 30.19). When 
the patient becomes more awake, they will spit it out. While 
taking these steps to relieve the problem, continue to watch 
the pulse oximeter reading for evidence of improvement. 


Circulation 

It is important to be sure that the fall in SaO, is not a mani- 
festation of cardiopulmonary arrest. Check the EKG and 
assess the pattern, observe the pulse wave on the pulse oxim- 
eter and obtain the patient’s blood pressure. 


Drugs 

The first step here is to assure that you have open access to 
the active circulation. One must remember that an access 
that is not flowing cannot be used to deliver medications. 
There must be access to a site that is actually circulating via 
a sheath or catheter. In most instances, the problem will be 
resolved before arriving at this step so reversal will not be 
needed. However, preparations for the administration of 
reversal agents should be made in the event that the above 
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Fig. 30.19 Nasal trumpet inserted into patient’s moth to relieve 
obstruction 


listed actions do not result in an amelioration of the situation. 
If the patient has been given both a benzodiazepine and an 
opioid, the reversal of only the benzodiazepine by the admin- 
istration of flumazenil alone is often effective [206]. 


Management: Secondary Algorithm 

If the SaO, fails to respond by returning to a level that is at 
least above 90 %, the Secondary ABCD Algorithm 
(Table 30.15) should be instituted immediately. At this point, 
the failure of a response to the basic measures covered in the 
primary algorithm establishes that one is not dealing with a 
simple case of respiratory depression. 


Airway 

This is the time to check to be sure that the equipment 
required for the establishment of an airway from the crash 
cart is at hand and ready to use in the event that the fall in 
SaO, is a prelude to apnea. There are alternative devices 
available for establishing an airway. These are blind inser- 
tion airway devices, i.e., do not require the use of a 
laryngoscope. 

The Combitube, also known as the double-lumen airway 
(Fig. 30.20), is designed for use in emergency situations and 
difficult airways. It can be placed without the need for visu- 
alization into the oropharynx and usually enters the esopha- 
gus when being inserted (as it should). It has a low volume 
inflatable distal cuff which occludes the esophagus and a 
much larger proximal cuff designed to occlude the pharynx 
[211-213]. Another blind insertion device is the laryngeal 
mask airway. It consists of a silicone mask (see inset, 
Fig. 30.20) that covers the larynx and is surrounded by an 


inflatable cuff. This cuff forms a low-pressure seal around 
the laryngeal inlet permitting positive pressure ventilation. 


Breathing 

If the patient is breathing, the nasal cannula should be 
removed and replaced with a non-rebreather mask connected 
to the oxygen. This device is capable of delivering 60-100 % 
oxygen. Efforts should also be made to continue to stimulate 
patient verbally and physically. 


Circulation 

Continue to monitor the heart. Observe the EKG pattern for 
arrhythmia or any change in rate or pattern. Observe pulse 
wave for presence, rate, and amplitude. Check the blood 
pressure. 


Differential Diagnosis 

At this point the situation is not consistent with a simple 
overly aggressive sedation/analgesia situation. It is time to 
consider other diagnoses. One should consider a pulmonary 
event such as pulmonary embolization, air embolus, or pneu- 
mothorax; a cardiac event such as a myocardial infarction; or 
a hypersensitivity reaction to radiocontrast or one of the 
medications that have been used. 


30.4 Hypersensitivity Drug Reactions 
(HDR) 
30.4.1 Introduction 


With the administration of any drug there is a risk of an 
adverse reaction, generally referred to simply as a drug reac- 
tion. The two primary types of adverse drug reactions have 
been referred to as type A and type B reactions [214]. Ina 
type A adverse drug reaction, the effect observed is simply 
an extension of the pharmacological effect of the drug. With 
a type B adverse drug reaction, the effects observed are dif- 
ferent than the pharmacological effect of the drug. Among 
these are the idiosyncratic drug reactions, commonly referred 
to as hypersensitivity drug reactions (HDR). These reactions 
occur rarely and unpredictably among any given population; 
the proposed mechanism for most HDRs is immune- 
mediated toxicity. 

The most frequently observed HDRs are in response to 
antibiotics, especially penicillin and those that are cross- 
reactive. However, unless prophylactic antibiotics are being 
used, the most frequent drug associated with such a reaction 
in the dialysis access interventional facility is radiocontrast 
media (RCM). Relative to many available drugs, the radio- 
contrast products used today are exceptionally safe. 
Nevertheless, adverse and even fatal reactions can occur 
[215]. For this reason adverse reactions to RCM must be of 
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Fig. 30.20 Blind insertion airway devices 


concern for all interventionalists working in these facilities 
because of the frequency with which iodinated radiocontrast 
materials are used. 


30.4.2 Types of Radiocontrast Media (RCM) 


All RCMs in current use are chemical modifications of a 
2,4,6-tri-iodinated benzene ring with different side chains in 
the 1, 3, and 5 positions and different numbers of benzene 
rings. They are classified on the basis of their physical and 
chemical characteristics including osmolality, ionization in 
solution, and chemical structure. Currently, four classes of 
RCM are commercially available: ionic monomers, nonionic 
monomers, ionic dimers, and nonionic dimers [216, 217]. 
The oldest of the RCMs are the ionic monomers. In addition 
to ionizing in solution, these agents have relatively high 
osmolarity in solution (1,400 plus). Therefore, they are 
sometimes referred to as high-osmolar RCM or more com- 
monly, ionic RCM. 

Today, the RCMs most often used by interventional 
nephrologists are the nonionic monomers which have a 
lower osmolarity (500-900). These agents are sometimes 
referred to as low-osmolar radiocontrast media or more fre- 
quently simply as nonionic RCM. Iohexol, iopamidol, iover- 
sol, iopromide, and ioxilan are examples of commonly used 
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nonionic agents. A major issue that has contributed to the 
shift in RCM usage from ionic to nonionic is the significantly 
decreased incidence of HDR observed with the latter group 
of agents. Mild HDRs have been reported to occur in 3.8- 
12.7 % of patients receiving ionic agents in contrast to 0.7— 
3.1 % of patients receiving nonionic [218—220], while severe 
HDRs have been reported to occur with a frequency of 0.1- 
0.4 % versus 0.02—0.04 % for the two types of RCM, respec- 
tively [218-221]. 

A clinical study on adverse drug reactions to high-osmolar 
ionic RCM and low-osmolar nonionic RCM was performed 
prospectively [218] in which ionic RCM was administered in 
169,284 cases (50.1 %) and nonionic in 168,363 cases 
(49.9 %). The overall prevalence of hypersensitivity reac- 
tions was 12.66 % in the ionic group and 3.13 % in the non- 
ionic group. Severe anaphylactic reactions occurred in 
0.22 % of the ionic and 0.04 % of the nonionic RCM exami- 
nations. One death occurred in each group, but a causal rela- 
tionship to the contrast medium could not be established. 


30.4.3 Reactions to RCM 


The reactions that occur in response to the administration of 
RCM can be classified as chemotoxic and idiosyncratic or 
hypersensitivity [222]. Chemotoxic reactions result from the 
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physiochemical properties of the RCM agent, the dose and 
the speed of the injection. All hemodynamic disturbances 
and localized symptoms affecting the distribution of vessels 
perfused by the RCM agent are included in this category. 
These include sensation of heat, vasovagal reactions, seizures, 
arrhythmias, and organ (such as renal) toxicity [223, 224]. 
We shall not discuss these further. 

Hypersensitivity reactions to RCM are largely indepen- 
dent of dose and infusion rate [225]. In fact, they can occur 
in response to the administration of minute amounts. These 
reactions can be further subdivided into immediate (<1 h) 
and delayed (>1 h) [226, 227]. Various types of exanthema 
resembling other drug-induced, non-immediate hypersensi- 
tivities, developing from | h to several days after administra- 
tion account for the majority of RCM-induced delayed 
HDRs. This category includes mild to moderate cutaneous 
eruptions, urticaria/angioedema, and various uncommon 
reactions, including erythema multiforme minor, fixed drug 
eruption, Stevens-Johnson syndrome, flexural exanthema, 
and vasculitis [228, 229]. Such exanthemas have been 
reported to affect 1-3 % of RCM-exposed patients [230- 
232]. Unlike the immediate reactions, there appears to be a 
higher incidence of delayed reactions associated with dimeric 
nonionic RCM than to other types of RCM [233]. We shall 
not discuss these further, but instead will concentrate on the 
immediate group. 


30.4.4 Signs and Symptoms of Immediate 
Hypersensitivity Reactions 


Immediate hypersensitivity reactions to RCM are gener- 
ally classified under the general heading of anaphylactic 
(referring to anaphylaxis) reactions. Anaphylaxis is clas- 
sically defined as a condition caused by an IgE-mediated 
reaction. Anaphylactoid reactions are defined as those 
reactions that produce the same clinical picture as ana- 
phylaxis but are not IgE mediated. The HDRs secondary 
to RCM fall into this category [234-236] although there 
is evidence that in some instances, they may also be IgE 
mediated [227, 237-240]. Anaphylactic (IgE-dependent) 
and anaphylactoid (IgE-independent) reactions differ 
mechanistically, but their clinical presentations are identi- 
cal as is their acute management. 

The onset of an immediate hypersensitivity reaction asso- 
ciated with RCM is generally very rapid, with about 70 % of 
all types occurring within 5 min [218, 241] and 96 % of 
severe or fatal reactions within 20 min after injection [242]. 
Signs and symptoms include flushing, pruritus, urticaria, 
angioedema bronchospasm and wheezing, laryngeal edema 
and stridor, decreased oxygen saturation, hypotension, and 
loss of consciousness [243]. When hypotension occurs, it 
may be associated with a loss of consciousness (anaphylactic 


Table 30.16 Classification of hypersensitivity reactions to RCM 


Categories of reactions Signs/symptoms 


Mild Nausea, vomiting 
Self-limited without evidence Pruritus, urticaria 
of progression Edema — periorbital, face 
Moderate Generalized or diffuse erythema 
More pronounced Tachycardia/bradycardia 
Moderate systemic signs/ Hypotension (SBP <90 mmHg) 
symptoms Dyspnea 
Bronchospasm, wheezing 
Laryngeal edema, stridor 
Severe Hypoxia (SpO, <90 %) 


Signs/symptoms life 
threatening 


Laryngeal edema 

Loss of consciousness 
Convulsions 

Profound hypotension 
Clinically manifest arrhythmias 
Cardiopulmonary arrest 


Modified from American College of Radiology Committee on Drugs 
and Contrast Media [246] 


shock) [218]. Tachycardia is the rule in anaphylaxis [244]. 
However, RCM can result in a vasovagal reaction (chemo- 
toxic reaction) associated with bradycardia. Most fatalities 
when they occur are secondary to respiratory compromise 
and cardiovascular collapse [245]. The more rapidly anaphy- 
laxis occurs after exposure, the more likely the reaction is to 
be severe and potentially life threatening [244]. 

Systemic immediate hypersensitivity reactions to RCM 
are often thought of in terms of three distinct clinical enti- 
ties, urticaria, angioedema, and anaphylaxis; however, in 
actuality the responses observed represent a continuum of 
signs and symptoms ranging from mild to severe [244]. The 
clinical picture is best thought of as simply an anaphylactic 
reaction of varying degrees of severity. The grading system 
has been proposed by the American College of Radiology 
consisting of three levels — mild, moderate, and severe 
(Table 30.16). 

In a study that reviewed 1,125 systemic hypersensitivity 
reactions (all causes) [215], the distribution of cases between 
the categories of severity was mild, 545; moderate, 441; 
severe, 139. Even when there are mild symptoms initially, 
the potential for progression to a severe and even irreversible 
outcome must be recognized [244]. It should be recognized 
that with each grade, there is also a spectrum of severity; the 
overall complex represents a continuum which ranges from 
the very mild to the extremely severe. Early recognition of 
an anaphylactic reaction is critical. Any delay in the recogni- 
tion of the initial signs and symptoms can result in a fatal 
outcome either because of airway obstruction or vascular 
collapse. One study which examined fatal cases of anaphy- 
laxis found that the median time to respiratory or cardiac 
arrest in cases that were iatrogenic was 5 min [245]. 
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Fig. 30.21 Pathophysiology of anaphylaxis (Adapted from Brown [247]) 


30.4.5 Pathogenesis 


With the onset of an anaphylactic reaction, a mast cell- 
leukocyte cytokine cascade is initiated, generating a number of 
mediators which in turn result in a variety of minor, but charac- 
teristic, skin, and mucosal symptoms as outlined in Table 30.16. 
Most pathophysiological effects can be ascribed to vasodila- 
tion, fluid extravasation, and smooth muscle contraction, lead- 
ing to major clinical manifestations (Fig. 30.21) [247]. As the 
process progresses, fluid extravasation causes upper airway 
obstruction and, in combination with vasodilation, causes a 
mixed distributive-hypovolemic shock pattern; circulating 
blood volume can decrease by as much as 35 % within 10 min 
as a result of extravasation. As with severe asthma, lower air- 
way obstruction in anaphylaxis can result from fluid extravasa- 
tion (mucosal edema) and mucous plugging as well as smooth 
muscle contraction (bronchospasm) [248]. 

The major mediator culprit involved in this process is 
histamine. This agent exerts its actions by combining with 
specific cellular histamine receptors located on various tar- 
get tissues. There are four histamine receptors that have 
been discovered in humans. These are designated H1 
through H4; however, the pathophysiologic effects of hista- 
mine in anaphylaxis have been shown to be mediated only 
through H1 and H2 receptors, individually and in combina- 
tion [249, 250]. H1 receptors are found on smooth muscle, 
endothelium, and central nervous system tissue. Their 


activation results in clinical features that include broncho- 
constriction, bronchial smooth muscle contraction, vasodi- 
lation, separation of endothelial cells (responsible for 
urticaria), pain, and pruritus. H2 receptors are located on 
parietal cells and vascular smooth muscle cells; they are pri- 
marily involved in vasodilation but also stimulate gastric 
acid secretion. 

Anaphylaxis is characterized by increased vascular per- 
meability. This can be profound and can occur very rapidly. 
Urticaria and angioedema are a reflection of this increased 
permeability and are the most common manifestations of 
anaphylaxis occurring in 65-85 % of cases [218, 251, 252]. 
The absence of cutaneous symptoms should put the diagno- 
sis of a hypersensitivity reaction in question [244]. However, 
with rapidly progressing anaphylaxis, hemodynamic col- 
lapse might occur rapidly with little or no cutaneous mani- 
festations [244]. The two characteristic skin manifestations 
of this symptom complex should be discussed individually 
since their recognition is an important indicator for the pres- 
ence of an anaphylactic reaction. 


Urticaria 

Urticaria (also referred to as hives) is a skin eruption notable 
for the presence of wheals (the typical lesion of urticaria). 
These are smooth, slightly elevated areas on the body sur- 
face, which may be either redder or paler than the surround- 
ing skin (Fig. 30.22). Urticaria is generally associated with 
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Fig. 30.22 Urticaria showing the typical wheals 


pruritus which may precede its appearance by several min- 
utes. Recognition of this problem may be confounded by the 
presence of preexisting pruritus in the dialysis patient. 
However, once the typical skin wheals appear, the diagnosis 
should be clear. In cases with only pruritus and no wheals, 
the diagnosis of urticaria should be doubted. 


Angioedema 

Unlike urticaria in which edema (wheals) occurs in the upper 
dermis, with angioedema, there is swelling of the dermis, 
subcutaneous tissue, mucosa, and submucosal tissues. The 
skin of the face, normally around the mouth (Fig. 30.23), the 
tongue, and the mucosa of the mouth and throat, become 
edematous over a period of minutes to several hours. This can 
occur simultaneous with the development of urticaria. This 
event, like most of the other types of reactions associated 
with HDR, can vary considerably in its severity and thus its 
symptoms. However, even though initially mild, it can prog- 
ress and become a life-threatening problem. In severe cases, 
stridor of the airway occurs due to laryngeal edema, with 
gasping or wheezy inspiratory breath sounds and decreasing 
oxygen levels. Tracheal intubation is required in these situa- 
tions to prevent respiratory arrest and risk of death. 


30.4.6 Risk Factors 


Significant predisposing risk factors (Fig. 30.24) for an HDR 
reaction to RCM include prior adverse reaction to contrast 
medium (four to six times greater risk), asthma (eight times 
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Fig. 30.23 Angioedema with marked swelling of lips 


greater risk), and history of atopy (five times) [218]. A study 
of 34,371 patients reported a significant increase in risk for 
asthma patients with or without atopy (odds ratio of 8.74) 
[254]. Notably, allergy specific to seafood does not impose 
increased risk of an adverse reaction, because virtually no 
reactions to contrast media are truly allergic in nature nor are 
they related to the media’s iodine content. Additionally, very 
few seafood allergies are in response to the iodine contained 
within the foods [255]. 

Additional risk factors for RCM reactions include cardiac 
disease, dehydration, hematologic conditions predisposing 
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Fig. 30.24 Scale of priority for major risk factors for anaphylaxis upon 
administration of RCM (Modified from Liccardi et al. [253]) 


to thrombosis, renal disease, and anxiety [243]. The use of 
beta-blocker therapy is a statistically significant risk factor 
for anaphylactoid reaction, with an odds ratio of 2.67 [254]. 
In addition, patients receiving beta-blockers have been 
reported to require hospitalization more often for their reac- 
tions [254]. This is thought to be most likely due to a reduced 
response to treatment. 

Women more frequently exhibit adverse reactions than do 
men. In 5,264 consecutive patients receiving contrast- 
enhanced CT scans, 70 % of the 73 patients who experienced 
adverse reactions were women. Twenty-one of twenty-two 
severe anaphylactoid reactions occurred in women [256]. 
Studies examining the overall incidence of anaphylaxis and 
anaphylactoid events have similarly shown an increased 
occurrence in women [255]. 

No consistent pattern of adverse reaction risk has 
emerged related to the type of exam being conducted. 
Arterial and venous administrations appear to yield the 
same risks [255]. 


30.4.7 Treatment 


Although it is not a frequent occurrence, an anaphylactic reac- 
tion to RCM can be life threatening. Preparedness, prompt 
recognition, and appropriate and aggressive treatment are 
integral to parts of successful management of anaphylaxis. 


Preparedness 

It is important that each facility that performs studies involv- 
ing the administration of RCM be prepared to manage a 
patient who might develop a severe HDR. This should 
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Table 30.17 Differential diagnosis for anaphylaxis 


Cardiac arrhythmia 
Bronchial asthma 
Cardiogenic shock 
Hemorrhage 
Overdosage of sedation/analgesia drug 
Pericardial tamponade 
Pulmonary embolus 
Pulmonary edema 
Sepsis 

Tension pneumothorax 
Vasovagal reaction 
Venous air embolism 


include the immediately availability of a completely 
equipped and supplied “crash cart.” This needs to contain 
supplies and equipment necessary for the establishment of 
an airway, the administration of oxygen, and for cardiopul- 
monary resuscitation. Injectable medications should include 
epinephrine in both 1:1,000 and 1:10,000 dilutions, atropine, 
diphenhydramine, methylprednisolone, cimetidine, and 
0.9 % normal saline. It is also important that regular cardio- 
pulmonary resuscitation (CPR) drills be held. 


Prompt Recognition 

Early recognition of signs and maintaining a high level of 
suspicion of the possibility of a generalized reaction during 
the use of RCM is essential to prevent worsening of the reac- 
tion or a fatal outcome. Unfortunately, in many instances in 
the interventional facility, the recognition of an HDR to 
RCM may be somewhat hampered by the fact that the patient 
may have received sedation/analgesia medications. However, 
if shortly after injecting RCM the patient develops symp- 
toms of pruritus, prolonged vomiting, a fall in oxygen satura- 
tion, or hypotension, the possibility of an anaphylactic 
reaction should be considered in the differential diagnosis 
(Table 30.17). This should be followed by an anaphylaxis- 
directed evaluation of the patient. The skin should be exam- 
ined for the development of urticaria and the face for 
angioedema. Examine the exposed skin and remove the ster- 
ile drape to examine further. Both the upper and lower air- 
ways should be evaluated for evidence of stridor, cough, or 
wheezing. If necessary for evaluation, sedation/analgesia 
should be reversed. 


Management 

Appropriate and effective management of an anaphylactic 
reaction is dependent upon knowledge of the pharmacologi- 
cal agents that should be used and how they are to be applied. 


Therapeutic Agents 

Due to its central role in the pathogenesis, logic would sug- 
gest that antihistamines, agents with H1 and H2 activity, 
would play a major role in the treatment of an anaphylactic 
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reaction. However, the mast cell-leukocyte cytokine cascade 
that is activated in this process has redundant and amplifying 
effects involving multiple mediators. Although histamine is 
the major culprit, a huge range of inflammatory mediators 
have been implicated in anaphylaxis. Additionally, studies 
have indicated that histamine levels peak early then return 
rapidly to normal despite the persistence of severe physio- 
logical compromise [257]. In fact, antagonists directed 
against histamine that initiated the process have not been 
found to be of primary therapeutic value. In the acute man- 
agement of anaphylaxis, the emphasis is on physiological 
antagonism using epinephrine [247]. 


Epinephrin 

Epinephrine is the most important drug for treating any 
moderate-to-severe anaphylactic reaction, although there has 
been no standard recommendation for dose or route. This 
agent is a direct-acting sympathomimetic agent with various 
properties that help to reverse the pathophysiological effects 
of anaphylaxis. The alpha-adrenergic actions of epinephrine 
work to increase peripheral vascular resistance and reverse 
peripheral vasodilation while also decreasing angioedema 
and urticaria. Its beta-1 adrenergic effects have positive 
chronotropic and inotropic effects on the heart, while the 
beta-2 adrenergic effects cause bronchodilation and reduc- 
tion of inflammatory mediator release from mast cells and 
basophils [258]. In combination, these effects help to reverse 
the anaphylactic process and, in turn, improve the cutaneous, 
respiratory, and cardiovascular effects of the condition. 

Epinephrine can be given intramuscularly or intravenously, 
either as a slow injection or an intravenous drip. Due to poor 
absorption resulting from vasoconstriction, it should not be 
given subcutaneously for anaphylaxis. Studies in human vol- 
unteers without anaphylaxis indicate that injection should be 
into the muscle of the lateral thigh because absorption here 
appears more reliable than the deltoid muscle [259, 260]. 
Direct intravenous administration of epinephrine is facilitated 
by the fact that during a dialysis access procedure one gener- 
ally has access to the central circulation. However, great care 
must be used in administering it by this route. In one study 
looking at fatal cases of anaphylaxis, it was found that epineph- 
rine was the cause of death in a significant number [248]. If the 
intravenous route is used, epinephrine must be diluted 
(1:10,000) and given slowly, and administration must be 
closely monitored for evidence of toxicity such as tachycardia 
or hypertension [261]. Fortunately, in the interventional facility 
continuous hemodynamic monitoring is a standard practice. 

If epinephrine is administered as a continuous infusion, a 
solution of 1 mg to each 100 cc of intravenous fluid (either 
D5W or 0.9 % normal saline) should be prepared. This gives 
a concentration of 0.01 mg/cc (1:100,000). The infusion rate 
should be started at 30-100 mL/h. This can be titrated up or 
down according to the patients response in order to achieve 
the lowest effective infusion rate. Due to the short elimination 


half-life of epinephrine, a steady state is reached in 5-10 min 
following a change in infusion rate. Epinephrine toxicity is 
characterized by tachycardia, tremor, and pallor with a normal 
or elevated blood pressure. If toxicity becomes too severe, the 
infusion should be stopped briefly before continuing at a lower 
rate. As the anaphylactic reaction resolves, signs of epineph- 
rine toxicity are more likely. With resolution, the infusion rate 
should be slowly decreased over a period of 30-45 min. 


Antihistamine 

Antihistamine falls into the category of a secondary drug in 
the treatment of anaphylaxis. There are no published trials 
that systematically examine their utility during anaphylaxis. 
H1 blockade appears to be useful for mild allergic reactions 
confined to the skin [262, 263]. There is some evidence in the 
literature that combined H1 (diphenhydramine) + H2 (cimeti- 
dine or ranitidine) blockade is more beneficial than H1 block- 
ade alone for the skin reactions [264, 265]. It is recommended 
that an H1 blocker be used routinely in the management of all 
anaphylactic reactions to help counter histamine-mediated 
vasodilatation that may be continuing. This may not contrib- 
ute in a major way, but has the virtue of safety. There is some 
evidence to suggest that an H1 blocker may shorten the dura- 
tion of the reaction. The usual H1 drug that is used is diphen- 
hydramine 25 or 50 mg given intravenously. Cimetidine, an 
H2 blocker, can also be administered intravenously at a dose 
of 300 mg. 


Corticosteroids 

Although generally used, there are no clinical trials of corti- 
costeroids in the treatment of anaphylaxis, and they do not 
appear to totally prevent anaphylactic reactions [266, 267]. 
Current recommendations to consider these agents for 
patients with anaphylaxis-associated bronchospasm are 
based primarily upon an extrapolation from their known util- 
ity for the treatment of asthma [268]. Corticosteroids are 
slow-acting drugs and may take up to 4—6 h to have an effect 
even if given intravenously. They may, however, help in the 
emergency treatment of an acute attack, and they also have a 
role in preventing or shortening protracted reactions [268]. 
Methylprednisolone is the agent generally used. It can be 
administered intravenously at a dose of 125 mg. 


Other Medications 

In some cases other medications may be required. Atropine may 
be necessary if bradycardia occurs (vasovagal type reaction), 
and in the case of severe hypotension not responsive to fluids, 
vasopressor agents may be required [247]. These drugs should 
not be given prominence above fluid resuscitation, however. 


Management Strategies 

If an evaluation of the patient suggests the presence of 
anaphylaxis, treatment should be initiated immediately. It 
should be remembered that anaphylaxis occurs as part of a 
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continuum. Symptoms not immediately life threatening can 
progress rapidly unless treated promptly. 

The first step is to immediately stop the administration of 
the offending RCM. Subsequent treatment depends upon the 
severity of the reaction [269]. Sedation/analgesia should be 
reversed, if this has not already been done, so that breathing 
and level of consciousness can be more accurately assessed. 

The specific treatment administered should be gauged to 
the grade of the anaphylactic reaction but should consist of 
some combination of epinephrine, H-1 blocker (diphenhydr- 
amine), H-2 blocker (cimetidine) steroid (methylpredniso- 
lone), oxygen, and fluid administration. 


Mild Anaphylactic Reaction 

These reactions tend to be localized and self-limiting. The 
major features within this classification are those of urticaria 
and mild angioedema. Some of the level of concern that should 
be generated by the recognition that an HDR is occurring 
relates to the rapidity with which it develops. Mild symptoms 
(pruritus, a few scattered urticarias, and no angioedema) that 
begin several minutes after the first infusion of RCM (often it is 
after the procedure has been completed) are often self-limited. 
These typically resolve fully in an hour or two. No treatment 
may be required in this situation; however, if the patient is com- 
plaining of pruritus, diphenhydramine (25-50 mg parentally or 
orally) can be administered for symptom control. 

Symptoms that begin immediately after RCM infusion 
should always be treated, regardless of severity, as these 
reactions tend to persist or worsen. In this instance, diphen- 
hydramine (50 mg intravenously) should be given immedi- 
ately, and the patient should be observed carefully for any 
evidence of progression of symptoms. No additional RCM 
should be administered, even if the symptoms resolve, due to 
the high risk of recurrent and progressive symptoms. 

H1 blockade appears to be useful for mild allergic reactions 
confined to the skin [262, 263], and there is some evidence 
in the literature that combined H1 (diphenhydramine) +H2 
(cimetidine or ranitidine) blockade is more beneficial than H1 
blockade alone [264, 265]. In instances in which the urticaria 
is severe or in which more than very mild angioedema is appar- 
ent, the administration of epinephrine should be considered. 
Epinephrine 1:1,000 can be given intramuscularly (lateral thigh 
muscle) at a dose of 0.1—0.3 mL or 1-3 mL of 1:10,000 admin- 
istered intravenously very slowly with careful monitoring. 


Moderate Anaphylactic Reaction 

This is characterized by the appearance of systemic signs and 
symptoms. The major feature is worsening facial edema. The 
onset of respiratory problems indicates that the situation has 
deteriorated. This may be seen either as a progression from a 
picture that was initiated by the onset of urticaria or mild 
angioedema or it may be the first indication that an adverse 
event is occurring. This development should be taken as an 
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indication for the immediate initiation of the algorithm out- 
lined in Fig. 30.25 starting with the administration of epineph- 
rine. In the interventional suite during a case in which one has 
access to the central circulation and the ability to closely mon- 
itor cardiovascular functions, epinephrine should be given 
intravenously (very slowly with monitoring). This should be 
given in dose of 3—5 mL of 1:10,000. Alternative an intrave- 
nous infusion (1:100,000) as described above can be started. 


Severe Anaphylactic Reaction 

This degree of severity is indicated by the development of 
life-threatening signs and symptoms — hypoxia, persistent 
hypotension, loss of consciousness, convulsions, and cardio- 
pulmonary arrest. It should be noted that in a patient who has 
been sedated, some of these signs of worsening severity can 
escape notice. For this reason, sedation/analgesia should be 
reversed very early in the progress of the event. The algo- 
rithm outline in Fig. 30.25 should be followed. Only the 
intravenous route for epinephrine should be used in cases 
characterized by cardiovascular collapse [270, 271]. 

If the patient is breathing, a non-rebreather mask set to 
100 % oxygen should be applied. It may be necessary to 
either intubate the patient or use a blind insertion airway 
device such as a Combitube or laryngeal mask airway. Blood 
pressure should be supported with fluid administration. This 
should start with a 200 mL bolus of 0.9 % normal saline as is 
used to treat hypotension that occurs during dialysis. Care 
must be exerted to not volume overload the patient. In the 
case of severe hypotension not responsive to fluids, vaso- 
pressor agents may be required. 


Biphasic Reactions 

Biphasic reactions, defined as a recurrence of anaphylactic 
symptoms after initial resolution, can occur anywhere from 1 
to 72 h after the first onset of symptoms [272-275]. 
Approximately 5-20 % of patients with anaphylaxis experi- 
ence a biphasic reaction often requiring oxygen, vasopres- 
sors, intubation, and repeat epinephrine administration [276]. 
Although no validated clinical predictors of biphasic reac- 
tions have been documented, some studies suggest that 
biphasic reactions are more likely to occur in patients who 
had delayed administration of epinephrine, who needed 
more than one dose of epinephrine or who initially presented 
with more severe symptoms [272-275]. Because of this phe- 
nomenon, a patient who has significant symptoms of an ana- 
phylactic reaction should be admitted to the hospital for 
observation even if they responded well to treatment and the 
situation appears to be resolved. 


Prevention 

Despite the fact that the increased use of nonionic RCM 
has been associated with a decrease in the incidence of 
hypersensitivity reactions, prophylactic drug regimens 
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Fig. 30.25 Algorithm for 
treatment of anaphylaxis with 
systemic signs and symptoms 


(premedication) that aim to decrease the incidence of break- 
through (recurrent) reactions are still widely used in clinical 
practice. Two basic questions that arise in relation to the use 
of premedication are whether it is warranted and whether or 
not pretreatment actually is effective. 


Is It Warranted? 

The question as to whether or not premedication will actually 
prevent breakthrough RCM-mediated HDR is actually some- 
what controversial [277—279]. Many feel that sufficient data 
supporting the use of premedication in patients with a history 
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of allergic reactions are lacking. However, most of the 
reported studies have included both patients with and those 
without a history of allergic reactions. It is possible if more 
restrictive investigation were conducted, more favorable 
results might be obtained. Additionally, some studies have 
involved ionic RCM which may not be meaningful in today’s 
environment. Some have suggested that routine prophylaxis 
should be abandoned [277] and there are studies involving 
large numbers of cases using an ionic agent that have con- 
cluded that major reactions do not recur with any significant 
frequency even in the absence of premedication [280, 281]. 
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Clinical studies to evaluate this question are difficult to 
design because a serious anaphylactic complication after 
administration of RCM is rare. In a meta-analysis involving 
more than 10,000 patients who received RCM, no reports of 
death, cardiopulmonary resuscitation, irreversible neurologi- 
cal deficit, or prolonged hospital stay were found [277]. In 
another series including more than 6,700 patients who 
received a nonionic-iodinated contrast medium, no life- 
threatening reaction was observed [282]. In more than 
337,000 patients who received RCM (both ionic and non- 
ionic), 2 deaths occurred, but a causal relationship to the con- 
trast medium could not be established [218]. 

In spite of these concerns, both the Joint Task Force on 
Practice Parameters representing the American Academy of 
Allergy, Asthma, and Immunology (AAAAI); the American 
College of Allergy, Asthma, and Immunology (ACAAI); the 
Joint Council of Allergy, Asthma, and Immunology [283]; 
and the American College of Radiology [284] recommend 
that patients with a known history of allergic-like reactions 
to iodinated contrast media be premedicated with corticoste- 
roids and antihistamines before receiving RCM. 


Does It Work? 

Corticosteroids and H1- and H2-antihistamines are the most 
frequently used agents and premedication with these drugs 
has been shown to be effective in reducing the incidence of 
breakthrough reactions (recurrences) [227, 285-288] in 
cases with a prior history of a reaction. 


Case for Corticosteroids 

Although the mechanism by which corticosteroid prophy- 
laxis works is not completely understood [289], the use of 
corticosteroids has been found to reduce the incidence of 
hypersensitivity reactions to RCM in a number of studies 
[290-292]. A meta-analysis of reports in the literature sug- 
gested that these agents prevented primarily respiratory 
symptoms when used as premedication [277]. Nevertheless, 
the value of using corticosteroid prophylaxis remains 
contentious [293], and the current opinion as to whether cor- 
ticosteroid prophylaxis should be used with nonionic agents 
is not unanimous. For one thing prophylaxis does not totally 
prevent reactions, anaphylaxis has been reported in patients 
despite pretreatment with corticosteroids [294]. 

Not all physicians use these agents. In one survey of pro- 
phylaxis procedures in adult patients [295] receiving RCM, 
it was found that 91 % of respondents gave corticosteroids in 
high-risk patients. However, other surveys have reported that 
a significant percentage of responders did not use corticoste- 
roid [296, 297]. 


Case for Antihistamines 
The major clinical features of anaphylaxis are initiated by his- 
tamine release. Intuitively, antihistamines should be beneficial 
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Table 30.18 Pretreatment regimen for high-risk patients receiving 
RCM 


Timing relative to 


Agent Dose procedure 

Regimen | 

Prednisone 50 mg orally 13, 7, and 1 h before 

Diphenhydramine 50 mg orally (or 1 h before 
parenterally) 

Regimen 2 

Prednisolone 32 mg orally 12 and 2 h before 


procedure 


as prophylaxis. A number of studies have described a 
decreased incidence of adverse RCM reactions following the 
administration of these agents, either alone or in combination 
with corticosteroids [291, 298, 299]. Several reports have 
found that the combined use of anti-H! and anti-H2 agents 
may give better protection against anaphylactic reactions than 
the administration of these drugs separately [249, 250, 300- 
303]. In a prospective randomized trial [304], 800 patients 
undergoing intravenous urography were pretreated with either 
intravenous prednisolone, an H1-antagonist (P/H1 group), a 
combination of H1 and H2 antagonists (H1/H2 group), or 
0.9 % saline (control group). There was a significant differ- 
ence in frequency between the control group and the H1/H2 
group but not the P/H1 group. The authors suggested from 
their data that a combined application of histamine H1- and 
H2-antagonists might be useful in prophylaxis of RCM- 
induced adverse reactions. However, other reports have found 
that the addition of an H2 antagonist to regimens containing 
H1 antihistamines and corticosteroids did not further reduce 
the number of subsequent adverse reactions [290, 291, 305]. 
A meta-analysis of reports in the literature suggested that H1 
antihistamine showed efficacy primarily against cutaneous 
symptoms when used as premedication [277]. 


Use of Other Drugs 

Ephedrine sulfate, 25 mg orally, given 1 h before the proce- 
dure may provide an additional protective benefit; however, 
potential risks in patients with underlying heart disease or 
hypertension must be considered. For this reason, ephedrine 
is not commonly used. 


Prevention Drug Regimens 

The approach to the prevention of the recurrence of a hyper- 
sensitivity reaction to RCM involves the application of 
two principles, the use of a nonionic RCM and the admin- 
istration of pharmacological agents. Although the optimal 
approach has not been determined [279, 290, 291, 304, 
306-308], there are two regimens that have been applied 
(Table 30.18). The most widely accepted regimen (referred 
to herein as Regimen 1) is that recommended by the 
American College of Radiology which combines multiple 
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doses of corticosteroids and a single dose of H1 antihis- 
tamine with the use of a nonionic RCM [279, 308, 309]. 
Regimen 2 involves only corticosteroid given at two times 
in advance of the procedure. 


Effectiveness of Regimens 

There is a considerable body of literature relating to pretreat- 
ment of patients with prior HDRs; however, most of it is 
based upon studies performed at a time when ionic RCM was 
used. This does not invalidate this work, but it does suggest 
that with the use of nonionic RCM the beneficial results 
might be better than those reported. In a study of 657 proce- 
dures using ionic RCM performed in 563 patients with a his- 
tory of an HDR [306], it was reported that premedication 
using Regimen 1 (Table 30.18) reduced the rate of break- 
through reactions from a historical level of 17-60 %, down to 
9 %. No deaths occurred, and only three episodes of transient 
hypotension developed, one of which required treatment 
with epinephrine. In this study, pretreatment was effective 
regardless of the severity of the patient’s previous reaction 
(severe reactions may have been excluded from study). 

In a prospective double-blind study utilizing Regimen 2 
(Table 30.18) [292], two groups were studied. One group 
received the medication and the other did not and served as a 
control. A total of 1,155 patients and control subjects suc- 
cessfully completed the protocol. Corticosteroid pretreat- 
ment conferred protection for overall reactions (1.7 % versus 
4.9 %, p=.005) and mild reactions (0.2 % versus 1.9 %, 
p=.004). Subjects receiving corticosteroids also had fewer 
moderate and severe reactions, but the total numbers involved 
were small, and the differences were not significant. 


Who Should Be Premedicated 

A number of risk factors for HDE have been identified; 
however, the only one significant enough to actually justify 
pretreatment is a definite prior reaction to RCM. Even if the 
patient alleges that they are “allergic to X-ray dye,” one cannot 
be sure. An accurate history should be elicited to determine 
if the suspected event is actually credible for a hypersensi- 
tivity reaction to RCM. The administration of test doses of 
RCM should not be done. Fatalities have resulted from the 
administration of amounts as small as 1-2 mL as a test dose 
[310]. Additionally, severe and fatal reactions to RCM have 
occurred in patients who tolerated a test dose [280, 310-312]. 
It should also be noted that a patient can have a reaction to the 
very first dose, never having had a previous exposure (non- 
immunologic and not IgE mediated) [229]. 


Breakthrough Reaction 

Recurrent HDEs in spite of premedication are referred to as 
breakthrough reactions. Despite different protocols and 
administration routes, severe breakthrough reactions may 
still develop in patients who receive corticosteroid 


premedication [285]. In a study involving HDR to nonionic 
RCM, the estimated recurrence rate of RCM reaction after 
corticosteroid administration was estimated to be almost 
10 % [285]. The severity of the breakthrough reaction is usu- 
ally similar to the severity of the index reaction, and most 
RCM injections (especially nonionic) administered to pre- 
medicated patients do not result in a breakthrough reaction. 
Patients who experience a mild initial reaction have an 
extremely low risk of experiencing a severe breakthrough 
reaction. If one occurs, it is generally mild also [280, 288]. 
However, patients who experience a moderate or severe ini- 
tial or breakthrough reaction are at high risk of experiencing 
another moderate or severe reaction should a breakthrough 
reaction occur [288]. Patients with this type of history should 
be referred to the hospital for their procedure. 

In one study [285], breakthrough reactions were identi- 
fied in approximately 10 % of patients who were premedi- 
cated with corticosteroids. Of these breakthrough reactions, 
24 % were severe or life threatening. The severity of the 
breakthrough reaction was generally similar to that of the 
initial reaction; the breakthrough reaction was more severe 
11 % of the time. 

In another study [288], 140,775 injections of nonionic 
RCM resulted in 0.7 % hypersensitivity reactions. Their 
distribution was 928 mild, 99 moderate, and 17 severe. Of 
these, 18 % (190 cases) were breakthrough reactions (152 
mild, 35 moderate, and 3 severe) that occurred in 175 
patients. There were 122 female patients and 53 male 
patients. The severity of the initial reaction associated 
with 128 of the 190 breakthrough reactions was known. 
The breakthrough reaction was less severe in 15 (12 %), 
equally severe in 103 (81 %), and more severe in 10 (8 %) 
cases. 


Emergent Procedures 
In some instances, a patient with a prior history of a reaction 
to RCM is referred to the interventional facility for a dialysis 
access procedure without being premedicated. In these 
instances the question as to what should be done always 
arises. In many facilities it is common practice, if the prior 
reaction was mild (or questionable), for the patient to be 
given methylprednisolone, 125 mg and diphenhydramine, 
50 mg intravenously immediately prior to the injection of 
RCM. The data upon which this practice is based is not clear. 
There are only a few studies providing data relevant to 
this issue. Looking at cutaneous changes (pruritus and urti- 
caria) associated with an HDR, there are two studies worthy 
of note. In a prospective controlled study, Small et al. [313] 
administered an antihistamine (chlorpheniramine) 15 min 
before the procedure in which RCM (type not specified) was 
administered. Cases were divided into 3 groups — medication 
(78), placebo (saline) (71), no treatment (71). Reactions 
were significantly decreased in the treatment group versus 
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the two control groups (1/78 versus 15/142). Odds ratio was 
0.25 (95 % confidence limits — 0.09-0.73). In another pro- 
spective controlled study, Wicke et al. [314] administered 
antihistamine (clemastine) to patients receiving RCM (ionic 
high osmolar). Cases were divided into two groups — treat- 
ment (92) and control (116). Only two reactions were 
observed in the study, both were within the control group. 
Odds ratio was 0.17 (95 % confidence limits — 0.01-2.71). 

In a prospective controlled study, Chevrot et al. [315] 
administered corticosteroid (Betamethasone 8 mg IV) at the 
time of the procedure in which RCM was used (most were 
ionic high osmolar). No reactions were seen in the treated 
group (0/109) and one reaction (hypotension) was observed 
in the control group (1/112). Odds ratio was 0.14 (95 % con- 
fidence limits — 0.00-7.01). 

Additionally there are small observational studies such as 
one involving ten cases with a prior history of an anaphylac- 
tic reaction [316]. In these cases, hydrocortisone 200 mg 
(equivalent to 40 mg of methylprednisolone) was adminis- 
tered intravenously immediately and every 4 h until the pro- 
cedure was completed in addition to diphenhydramine, 
50 mg intravenously, 1 h before the procedure. No reactions 
occurred in these patients. 

It is difficult to know what a small study signifies and the 
prospective controlled studies can be faulted for having so 
few breakthrough reactions in their control groups giving 
odds ratios in a rather low range with very wide confidence 
limits. This is especially true in consideration of the fact pre- 
viously mentioned that not all cases of a prior reaction will 
have a repeat reaction even in the absence of premedication 
[280, 281]. Nevertheless, these data do suggest the value of 
administration of premedication at the time of the procedure 
in which RCM is to be administered in cases in which the 
index reaction was mild. 


Recommendations 

All procedures should be performed using nonionic low- 
molecular-weight RCM in order to minimize the risk of an 
HDR. Cases with a history of a prior reaction to RCM should 
be considered to be at an increased risk for another reaction 
and should be premedicated. These repeat reactions will gen- 
erally be of the same severity as the initial reaction or less, 
but one cannot depend upon this. If a patient has a history of 
a moderate-to-severe anaphylactic reaction, they should not 
be managed at a freestanding facility; they should be referred 
to the hospital setting with its full range of supportive mea- 
sures. Regimen 1, Table 30.18 should be followed if time 
permits. Even though the evidence is not strong, patients 
with a history of a previous mild reaction to RCM who 
require an emergent procedure should receive pretreatment 
with 125 mg of methylprednisolone (or its equivalent) and 
diphenhydramine, 50 mg, intravenously immediately before 
the administration of RCM. 
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31.1 Introduction 

The goal of preoperative evaluation is to recognize patients 
at high risk for complications during the perioperative period. 
Risk factors for complications such as advanced age, diabe- 
tes, chronic renal failure, or end-stage renal disease could 
lead to complications. Because placement of a PD catheter 
will usually occur within 2 weeks of needing dialysis, 
patients undergoing this procedure will have advanced renal 
failure. Preoperative evaluation of a patient who is referred 
for peritoneal dialysis catheter placement should identify 
factors that indicate a contraindication for the peritoneo- 
scopic or fluoroscopic procedure or identify medical factors 
that could lead to complications following the procedure. 
History taking should elicit information about prior surgeries 
and medical conditions that could lead to anatomic barriers 
to placement of the catheter or factors that could lead to com- 
plications following the surgery. Physical exam should 
search for physical signs of abdominal masses and abdomi- 
nal wall weakness or hernias and also signs of bleeding irreg- 
ularities or infection. Preoperative physical exam should 
include planning the exit site for the catheter. Additionally, 
guidelines are reviewed for additional preparatory measures 
such as placement of Foley catheter or bowel preparation. 
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31.2 Risk Assessment 


The American College of Cardiology/American Heart 
Association guidelines on perioperative cardiovascular 
evaluation and care for noncardiac surgery classify surgi- 
cal procedures as low risk, intermediate risk, and vascular 
surgery (Table 31.1). Two of the primary factors for the risk 
level are duration of surgery and fluid shifts caused by blood 
loss and third spacing that can cause myocardial ischemia 
and respiratory depression. Low-risk surgery has less than 
1 % risk of cardiovascular complications even in high-risk 
patients. Examples of low-risk surgery are endoscopic pro- 
cedures, superficial procedures, cataract surgery, breast 
surgery, and ambulatory surgery [1]. Of the low-risk proce- 
dures, superficial and ophthalmologic procedures represent 
the lowest risk and are rarely associated with excess morbid- 
ity and mortality [2]. 

Percutaneous PD catheter placement falls under the cate- 
gory of a low-risk procedure because it is a minimally inva- 
sive procedure performed under moderate (conscious) 
sedation and local anesthesia. Typically, the peritoneal dialy- 
sis catheter will be placed as the patient approaches renal 
replacement therapy, preferably at least 2 weeks prior to 
starting peritoneal dialysis in order to minimize dialysate 
leakage [3, 4]. The percutaneous placement of the catheter 
involves a superficial 3—4 cm incision lateral to the umbili- 
cus with dissection to the rectus sheath, cannulation and dila- 
tion of the rectus muscle, then insertion of the catheter into 
the pelvis through a sheath with or without a guidewire, and 
then tunneling the exterior part of the catheter laterally 
through subcutaneous tissue to the exit site. Complications 
of this procedure are relatively minor [5—16] (Table 31.2). 
Bowel and bladder perforations are the most serious compli- 
cations and these are rarely reported. 

The patient should fast prior to the procedure in order to 
minimize the risk of aspiration during the period of sedation 
and should not have solid food for 6 h prior or liquid for 2 h 
prior to the procedure [17]. PD catheter placement can be 
performed safely as an outpatient surgical procedure [18]. In 
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Table 31.1 Cardiac risk 
stratification for noncardiac 


Risk stratification 


; Vascular More than 5 % 
surgical procedures [1] 
Intermediate 1-5 % 
Low Less than 1 % 


Reported cardiac risk 


Procedure examples 

Aortic, other major vascular surgery, peripheral vascular 
surgery 

Intraperitoneal and intrathoracic surgery, carotid 
endarterectomy, head and neck surgery, orthopedic surgery, 
prostate surgery 

Endoscopic procedures, superficial procedures, cataract 
surgery, breast surgery, ambulatory surgery 


Table 31.2 Summary of perioperative complications of peritoneal dialysis catheter placement 


Source No. of catheters Infection 
Fluoroscopy guided 

Moon et al. [5] 134 2.2 % 
Zaman et al. [6] 36 0 

Vaux et al. [7] 209 8 % 
Maya [8] 32 0 

Jacobs et al. [9] 45 71% 
Reddy et al. [10] 64 0 
Henderson et al. [11] 283 4% 
Perakis et al. [12] 86 12.7 % 
Ozener et al. [13] 133 3% 
Peritoneoscope guided 

Goh et al. [14] 91 1 in 93.7 pt months 
Gadallah et al. [15] 76 2.6 % 
Asif et al. [16] 82 0 


NR not reported 


that circumstance, a caregiver should accompany the patient 
if the procedure is done on an outpatient basis since the 
patient should not drive for 24 h [17, 19]. All medications 
should be taken on the morning of the procedure except for 
medications for diabetes and anticoagulation as will be dis- 
cussed below. 

Non-anesthesiologists frequently administer moderate 
sedation safely. A benzodiazepine is administered for anx- 
iolysis and an opioid achieves pain control. Under moderate 
sedation, the patient has purposeful response to verbal or tac- 
tile stimulation with the ability to maintain the airway. 
Spontaneous ventilation and cardiovascular function are pre- 
served [17]. Sedation is a continuum ranging from minimal 
to deep or general anesthesia. Should the patient’s degree of 
sedation exceed the desired level, the benzodiazepine and 
opioid are reversible using flumazenil (Romazicon) and nal- 
oxone (Narcan), respectively. 

Interventional radiology literature shows that the most 
common adverse events occurring in procedures under mod- 
erate sedation are hypoxia and hypotension. Arepally et al. 
evaluated the safety of moderate sedation in a prospective 
study of 594 patients over a 5-month period [20]. Adverse 
events were classified as respiratory, sedative, or major 
adverse events. Rates of these events were 4.7, 4.2, and 2 %, 
respectively. Procedures involving the biliary tract had an 
increased rate of adverse events, with 50 % of adverse events 


Drainage problem Bleeding Leak Perforation 
1.5 % 1/134 3% 0 
2.9 % 1/36 3 % 0 
5% NR 5 % 0 

0 0 GI 3 % 
13.3 % 3/45 9% GI 4.4 % 
NR 4/64 1/64 0 
21% NR 6 % 
23.2 % 5/86 23 % 0 
11.2 % 5/133 8.3 % 0 
17.6 % NR NR NR 
Early 7.9 % NR Early 1.3 % GI 1.3 % 
0 4/82 0 0 


occurring in those procedures. Respiratory adverse events 
were defined as excessive respiratory depression requiring 
Ambu bag use, jaw thrust, or oral airway placement. Sedation 
events consisted of hypoxia (oxygen saturation less than 
90 %), unresponsiveness to verbal or tactile stimuli, agita- 
tion, or requirement of reversal with flumazenil or naloxone. 
Major adverse events were defined as hypotension (systolic 
blood pressure less than 80 mmHg), cardiac arrest, intuba- 
tion, or cardiopulmonary resuscitation. Thus, hypotension 
was the only major adverse event that occurred in the study. 
In this study, no cardiac arrest occurred nor intubation was 
required. Catheter insertions had no respiratory complica- 
tions. Another recent prospective study of 72 radiologic pro- 
cedures involving the biliary system or abscess drainage 
showed hypotension in 6.9 % and hypoxia in 19.4 % [21]. 
Patients with significant underlying medical comorbidi- 
ties may be at increased risk for complications of sedation 
[19]. The American Society of Anesthesiologists physical 
status classification describes the patient’s baseline condi- 
tion, with class I being a healthy patient with no comorbidi- 
ties and class V being a moribund patient that is not expected 
to live without the operation (Table 31.3). Classifying your 
patient under this system helps identify patients who may be 
more likely to have an adverse reaction to sedation; however, 
in the Arepally study, this correlation was not established 
statistically [20, 22]. Patients at risk for sedation-related 
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Table 31.3 The American Society of Anesthesiologists physical 
status classification 


Class Baseline health characteristics 

I Normal healthy patient 

Il Patient with mild systemic disease 

Il Patient with severe systemic disease that is not 
incapacitating 

IV Incapacitating systemic disease that is a constant 
threat to life 

V Moribund patient who is not expected to survive for 24 h 


with or without the operation 


complications include patients with airway obstruction or 
anatomic barriers to intubation if the patient is oversedated. 
Also, patients with impaired level of consciousness at base- 
line or inability to protect the airway or prevent aspiration 
will have a higher risk of adverse events. Patients with 
increased intracranial pressure and renal, cardiac, pulmo- 
nary, or hepatic disease could be more likely to have adverse 
reactions when undergoing sedation [19]. Classifying 
patients with renal failure is challenging and anesthesiolo- 
gists have a greater variability for ASA grades given to these 
patients [23]. However, when the renal failure is stable and 
the patient is not incapacitated, the classification score 
should be class II or IH depending on existence of other 
comorbidities. 

As such, percutaneous PD catheter placement has a low 
risk of cardiovascular complications under this analysis. In 
low-risk procedures, preoperative cardiac testing is gener- 
ally not warranted unless the patient is having active cardiac 
issues, such as unstable coronary syndromes, decompen- 
sated heart failure, significant arrhythmia, or severe valvular 
disease [24]. Unstable coronary syndrome is defined as 
unstable or severe angina or recent myocardial infarction 
within 30 days. Decompensated heart failure is worsening or 
new-onset heart failure or NYHA functional class IV heart 
failure. Significant arrhythmias include third degree AV 
block, atrial fibrillation with rapid ventricular rate, and 
symptomatic bradycardia. Severe valvular disease is severe 
aortic stenosis or symptomatic mitral stenosis [25]. 

Risks for postoperative pulmonary complications follow- 
ing PD catheter insertion are limited because the patient is 
not intubated and undergoes moderate sedation throughout 
the procedure. The patient must be able to remain in a supine 
position comfortably for at least 2 h. Preoperative risk assess- 
ment for pulmonary complications involves identification of 
risk factors and aggressive risk factor modification [26]. 
Risk factors for pulmonary complications are COPD, age, 
tobacco use, pulmonary hypertension, and obstructive sleep 
apnea. Nutritional factors such as low albumin and elevated 
BUN also contribute to increased risk for pulmonary compli- 
cations. Risk modification strategies are smoking cessation 
6-8 weeks prior to surgery and perioperative corticosteroids 


and bronchodilators in appropriate cases. A chest radiograph 
is not necessary unless the physical examination reveals an 
abnormality that may prevent the patient from remaining 
supine during the procedure [27]. 

Obstructive sleep apnea (OSA) is the periodic, partial or 
complete obstruction of the upper airway during sleep. The 
American Society of Anesthesiologists has published guide- 
lines for the perioperative management of patients with OSA 
[28]. Characteristics associated with OSA are increased body 
mass index (BMI), hypertension, larger neck circumference, 
history of snoring or respiratory pauses, and lower oxygen 
saturation. A patient’s perioperative risk depends on the 
severity of OSA and the invasiveness of the surgical proce- 
dure. For superficial procedures, the use of local anesthesia 
or peripheral nerve blocks with or without moderate sedation 
is recommended [28]. Procedures typically performed on an 
outpatient basis in non-OSA patients may also be safely per- 
formed on an outpatient basis in patients who are at increased 
perioperative risk from OSA when local or regional anesthe- 
sia is administered. Patients with OSA should be monitored 
longer than their non-OSA counterparts before discharge 
from the facility [28]. 


31.3 History and Physical Exam 


The history should elicit information about underlying con- 
ditions that could lead to complications during or after the 
procedure. The history should determine whether the patient 
had a prior reaction to sedation, difficulty with maintaining 
the airway, or has obstructive sleep apnea (OSA). Medications 
and allergies should be carefully evaluated to determine pos- 
sible drug interactions or anticoagulation. A patient with an 
allergy to iodine-based contrast should be given steroids 
prior to the procedure to prevent an allergic reaction to the 
small amount of intraperitoneal contrast given during the 
procedure. Patients with minor reaction to contrast material, 
such as emesis, nausea, or hives, should receive methylpred- 
nisolone 32 mg orally 12 h before the procedure and 2 h 
before the procedure [29]. Another study showed that 
patients with a previous reaction to contrast material should 
be premedicated with prednisone 50 mg orally 13, 7, and 1 h 
before the procedure along with diphenhydramine 50 mg 
orally [30]. Low-osmolality contrast material used in selec- 
tive cases may limit the occurrence of reactions to the con- 
trast [30, 31]. 

The physician should elicit prior tobacco, alcohol, and 
illegal drug use. Previous abdominal surgeries or prior PD 
catheter placement or peritonitis should raise the question of 
whether the patient has anatomic barriers to percutaneous 
placement. Peritoneal adhesions have been reported in up to 
90 % of patients following major abdominal surgery and 
55-100 % of women undergoing pelvic surgery [32]. One 
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prospective study found a history of previous abdominal sur- 
gery in 42.9 % of 217 PD catheter implantations [33]. Of 
those patients with prior surgery, 26.9 % had intraperitoneal 
adhesions and only 2.8 % of patients without prior abdomi- 
nal surgery had intraperitoneal adhesions. Those patients 
with an extensive history of abdominal surgeries should be 
referred for laparoscopic placement of the catheter. 
Gastrointestinal pathology, fever, and infection would also 
raise questions about the suitability of catheter placement at 
that time, requiring postponement of the procedure when 
these issues are resolved. 

A careful history should be directed toward potential car- 
diovascular, pulmonary, hematological conditions that could 
affect the perioperative condition of the patient. Regarding 
cardiovascular conditions, the physician should ask about 
chest pain, dyspnea, presyncope, recent or prior myocardial 
infarction, or percutaneous procedures involving cardiac 
stents. Recent pacemakers or defibrillators should be dis- 
cussed. A history of congestive heart failure or valvular heart 
disease would be pertinent as to whether the patient needs 
preoperative cardiac evaluation. In addition, significant 
arrhythmias, such as symptomatic bradycardia or atrial 
fibrillation with uncontrolled ventricular rate, are active car- 
diac conditions that might require evaluation prior to the pro- 
cedure; thus, questions regarding dyspnea, dizziness, 
light-headedness, or palpitations are important [25]. 

Episodes of ecchymoses, purpura, epistaxis, gingival 
bleeding, GI bleeding, or excessive bleeding after cuts 
should be elicited in the history to determine if uremic bleed- 
ing is occurring [34]. Careful review of medications for anti- 
coagulants is extremely important. 


31.4 Physical Exam 


Vital signs will indicate acute conditions such as infection, 
hypotension, or hypertension. Hypertension is common in 
patients with renal failure. In the preoperative context, stage 
1 or 2 hypertension under the JNC VI classification (sys- 
tolic blood pressure below 180 mmHg and diastolic blood 
pressure below 110 mmHg) is not an independent risk 
factor for cardiovascular complications [25, 35, 36]. One 
study of patients presenting with elevated diastolic blood 
pressure of 110 mmHg evaluated preoperative reduction in 
blood pressure with intranasal nifedipine versus postpone- 
ment of the surgery to treat elevated blood pressure. The 
subjects had a history of well-controlled hypertension and 
few comorbidities, and surgery was postponed in the con- 
trol group. There was no statistically significant difference 
in the postoperative complications between the two groups 
[37]. In a retrospective study, hypertension was associated 
with negative surgical outcome in surgeries lasting longer 
the 220 min [38]. For stage 3 hypertension, the potential 
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benefit of postponing the procedure to optimize blood 
pressure control should be balanced against the negative 
consequences of delaying the procedure. Short-acting medi- 
cations can bring the blood pressure within range in a mat- 
ter of hours and allow the patient to have the PD catheter 
placed [25]. Suitable short-acting medications are clonidine 
and captopril. Alternatively, giving a missed dose of the 
patient’s home medication can bring the blood pressure into 
an acceptable range. 

An arrhythmia could manifest as tachycardia or irregular 
heart rate. Tachypnea can indicate pulmonary disease. 
Physical exam directed toward the airway can indicate if 
intubation would be difficult should the degree of sedation 
deepen. Indications for difficult intubations include obesity, 
short neck, limited neck extension, decreased hyoid-mental 
distance, neck mass, and dysmorphic facial features. 
The patient with small mouth, arched palate, macroglossia, 
nonvisible uvula, micrognathia, and retrognathia can be dif- 
ficult to intubate [17]. Cardiac examination should evaluate 
for heart murmurs, S3 gallop, arrhythmia, and jugular venous 
distension. Pulmonary disease can manifest as wheezing or 
decreased breath sounds. 

The physical exam should focus on the presence of 
abdominal hernias or abdominal wall weakness [39]. 
Preexisting hernias could be inguinal, incisional, umbilical, 
epigastric, Spigelian, or diaphragmatic [40]. These hernias 
can be repaired laparoscopically at the same time as catheter 
placement if they are identified and referral to surgery is 
made in a timely manner. This avoids delaying catheter 
placement following hernia repair [41—43]. 

Careful attention should be paid to hepatosplenomegaly, 
an enlarged bladder, and a pelvic mass such as that caused by 
uterine fibroids or polycystic kidneys that could make place- 
ment of the PD catheter difficult. Edema of the extremities 
could mean congestive heart failure, renal or hepatic failure, 
or deep vein thrombosis. Neurologically, the ability to swal- 
low and protect the airway should be tested, and decreased 
ability to understand the procedure should be determined so 
that precautions can be taken to protect the patient during the 
procedure [44]. 


31.5 Plan the Location of Exit Site 


Planning of the exit site must occur prior to the insertion 
procedure. Physical examination of the abdomen will guide 
determination of the optimal site for the catheter to exit [39]. 
With the patient clothed and laying supine, the physician can 
locate the point at which the deep cuff will be inserted into 
the rectus muscle by placing the upper edge of the coil of the 
catheter tip on the cephalad border of the pubic symphysis 
with the deep cuff 2—4 cm lateral to the umbilicus [6—8] 
(Fig. 31.1). The area under the deep cuff is the location of the 
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Fig. 31.1 Location of incision at point A. Locate coil of catheter at 
point B 


incision [45]. Then the patient should sit and stand to con- 
firm that neither the belt line nor the skin folds will interfere 
with catheter placement. Patients with a belt line above the 
umbilicus should have a catheter with a preformed bend in 
the inter-cuff segment with exit site directed downward. 
With a belt line below the umbilicus, the patient should have 
a catheter with straight inter-cuff segment with exit site 
directed laterally but not in upward direction. Preprinted 
stencils aid in location of exit site and especially with correct 
arc of straight inter-cuff segment catheters [46]. Extended 
catheters can be placed in obese patients with excessive skin 
folds and patients with ostomies, urinary or fecal inconti- 
nence, and chronic intertrigo [47]. In these cases, the exit site 
should be either in the upper abdomen or at a presternal loca- 
tion approximately 3 cm lateral to the midline [48]. 


31.5.1 Laboratory Testing 


Catheter insertion usually occurs when the patient is 
approaching the need for dialysis; thus, laboratory testing 
will likely reflect abnormalities associated with advanced 
chronic kidney disease. Hyperkalemia is not uncommon in 
patients with severe renal dysfunction. Postoperative hyper- 
kalemia is one of the most common complications following 


surgery. In one study, hyperkalemia occurred in 19 % of 
surgical procedures [49]. Hyperkalemia can result in pares- 
thesias and weakness with decreased deep tendon reflexes 
that can advance to a flaccid paralysis. Hyperkalemia can 
cause myocardial instability with or without changes on 
electrocardiograph (EKG). These changes result from 
reduced myocardial conduction velocity and accelerated 
repolarization manifesting on EKG as peaked T waves, pro- 
longed PR interval, decreased P-wave amplitude, widening 
QRS complex, and ultimately sine-wave configuration [50]. 
Clinically, the patient can experience ventricular fibrillation 
and asystole. These effects result from a serum potassium 
level of 6.5 mmol/L or greater; however, a patient can have a 
normal EKG with even higher potassium levels. The onset of 
effects of hyperkalemia is unpredictable; thus, treatment 
should not be arbitrarily associated with a particular potas- 
sium level or EKG reading. Preoperative hyperkalemia 
should be treated with hemodialysis or medically with 
calcium gluconate, insulin and dextrose, kayexalate, alb- 
uterol, and sodium bicarbonate [50]. 

Coagulation tests such as protime (PT) time, international 
normalized ratio (INR), and partial thromboplastin time 
(PTT) may detect disorders involving coagulation factors 
that the patient may have that could lead to excessive bleed- 
ing during and after the procedure. Complete blood count 
will show the degree of anemia present. Also, an elevated 
white blood cell (wbc) count will indicate the presence of an 
infection, and a low wbc count would predispose the patient 
to infection. The presence of thrombocytopenia with platelet 
count less than 50,000/uL would be cause for concern in 
undergoing this procedure as discussed below. 

Bleeding time is not routinely ordered in preoperative 
evaluation of chronic kidney disease patients. Uremia causes 
platelet dysfunction that leads to increased clinical evidence 
of bleeding such as ecchymosis, gingival bleeding, epistaxis, 
and purpura. Additionally, major GI bleeding or subdural 
hemorrhage can occur [34]. Bleeding time accurately corre- 
lates with uremia and platelet dysfunction [51, 52]. However, 
there is not a significant association between patients with 
abnormal bleeding time and other indicators of bleeding risk 
on the occurrence of clinically significant perioperative 
bleeding [53, 54]. As such, screening for preoperative bleed- 
ing time is not a reliable test to evaluate the risk of 
perioperative bleeding. 


31.5.2 Hemostasis and Management 
of Anticoagulation 


Bleeding is rarely a significant problem after catheter implan- 
tation and usually occurs at the exit site (Table 31.2). Blood 
may be present initially in the effluent drained, owing to the 
trauma of insertion, but the drainage should return to normal 
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within a few days. Manual pressure or additional suturing 
can stop persistent bleeding, but hematomas can form subcu- 
taneously following the procedure. Bleeding can occur when 
the epigastric vessels are perforated. Using ultrasound to 
visualize these vessels significantly reduces the risk of this 
complication [8]. 

The CBC and coagulation parameters will help identify 
patients at risk of bleeding. Often, patients with a platelet 
count less than 50,000/1L are transfused with platelets to 
prevent bleeding complications, although this practice is 
based on observational data [55, 56]. Patients with an ele- 
vated PT, INR, or PTT should have the cause of the abnor- 
mality identified and addressed. Those patients that are 
uremic and at risk of resulting platelet dysfunction should 
receive dDAVP. 

A candidate for PD catheter may be on anticoagulant ther- 
apy, and the decision to continue or hold anticoagulation for 
the procedure is significant. The American College of Chest 
Physicians issued clinical practice guidelines to address this 
question [57, 58]. The decision to hold anticoagulation for a 
surgical procedure involves a balance between the risk of 
thromboembolism following withholding of the therapy and 
the risk of bleeding that the procedure itself presents. 
Perioperative bleeding not only causes complications like 
hematomas that can affect the function of the catheter and 
healing but also can cause a delay in resumption of antico- 
agulation after the procedure, which could increase the risk 
of thromboembolism. 

The extent of perioperative bleeding inherent in a surgical 
procedure must be determined by the degree of invasiveness 
and duration. Surgical procedures associated with high 
bleeding risk are coronary artery bypass, heart valve replace- 
ment, aortic aneurysm repair, orthopedic surgery, and pros- 
tate and bladder surgery [57-59]. The guidelines also note 
procedures that seem to have a low risk of bleeding but 
should be cautiously undertaken with full anticoagulation on 
board. These procedures include resection of colon polyps, 
biopsy of the prostate or kidney, and pacemaker or defibrilla- 
tor implantation. Caution regarding endoscopic resection of 
colon polyps in an anticoagulated patient is due to the risk 
that the polyp stalk can continue to bleed following removal. 
The kidney and prostate will have endogenous urokinase 
activity that can increase local anticoagulant activity and 
could increase the risk of bleeding following the procedure. 
Pacemaker or defibrillator implantation also has a low risk of 
bleeding but should be undertaken with caution when the 
patient is anticoagulated because the pacemaker pocket is 
prone to hematoma formation. 

Minor procedures that do not require the interruption of 
vitamin K antagonists (VKA) are minor dental procedures 
such as a tooth extraction or root canal, superficial skin exci- 
sions, and cataract removal. Coagulant material can be 
directly applied to maintain hemostasis in dental surgeries. 
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Cataract surgery does not involve a highly vascular area that 
has a significant risk of bleeding. Superficial skin surgeries 
do have an increased risk of bleeding when patients are on 
anticoagulation, but most bleeding complications are man- 
ageable. Thus, the most significant risk of comorbidity in 
that context is from thromboembolism due to withholding 
anticoagulation [60, 61]. 

As discussed above, percutaneous PD catheter placement 
is a low-risk surgery in the context of perioperative cardio- 
vascular complications. In the context of anticoagulant man- 
agement in the ACCP guidelines, this procedure has a risk of 
bleeding associated with the incision and dissection to the 
rectus muscle and the risk of perforating the epigastric 
vessels. The duration is usually less than | h and the most 
invasive part of the surgery is the 3—4 cm incision made 
superficially lateral to the umbilicus. Mital et al. did a retro- 
spective analysis of a prospective database to determine 
bleeding complications of surgical placement of PD cathe- 
ters using the open surgical technique [62]. This study 
involved 292 catheters placed in 263 patients over an | 1-year 
period of time. Six patients had episodes of major bleeding 
within 2 weeks of the procedure for a complication rate of 
2 %. Three of the six patients with bleeding were anticoagu- 
lated with preoperative warfarin or postoperative heparin. 
Two of the six had no coagulation parameters drawn prior to 
surgery. The study concluded that the rate of bleeding com- 
plications related to catheter insertion was low and was asso- 
ciated with anticoagulation. The study concluded that 
coagulation parameters should be drawn prior to the proce- 
dure and abnormalities corrected. Anticoagulation before 
and immediately after the procedure should be avoided. 
Also, dDAVP should be given for bleeding after surgery. 

Anticoagulation can be divided broadly into vitamin K 
antagonists (VKA) and antiplatelet agents. The most com- 
mon reasons to be on vitamin K antagonists such as war- 
farin are heart valvular abnormality, atrial fibrillation, and 
venous thromboembolism (VTE). The risk that a patient 
may have a perioperative thromboembolism is stratified into 
high, moderate, or low risk based on risk factors identified 
in medical literature (Table 31.4). According to the ACCP 
guidelines on perioperative management of antithrombotic 
therapy, patients with a mechanical heart valve have a high 
risk of thromboembolism in the absence of VKA if they have 
a prosthetic mitral valve, have older aortic valve prosthesis, 
or have a recent transient ischemic attack or stroke. The risk 
is moderate with bileaflet aortic valve prosthesis along with 
another risk factor such as atrial fibrillation, age >75 years, 
congestive heart failure, diabetes, or prior stroke. The risk 
for thromboembolism when anticoagulation is held is low 
with a bileaflet aortic valve without atrial fibrillation or other 
risk factors. 

A patient on VKA for prior venous thromboembolism is 
at a high risk of a thrombotic event in the absence of VKA if 
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Table 31.4 Risk stratification for perioperative thromboembolism [58] 


High risk 

Mitral valve prosthesis, stroke or TIA 
within 6 months, older design of 
prosthetic aortic valve 

CHADS; score of 5 or 6, stroke/TIA 
within 3 months, rheumatic valvular 
heart disease 


Indication for VKA 


Mechanical heart valve 


Atrial fibrillation 


VTE within 3 months, severe 
thrombophilia (protein C or S 
deficiency, antithrombin, 
antiphospholipid antibodies) 


Venous thromboembolism 


a VTE event has occurred within the past 3 months or with 
severe thrombophilia. Severe thrombophilia includes protein 
Cor S deficiency, antithrombin, or antiphospholipid antibod- 
ies. Moderate risk exists with VTE event within 3—12 months, 
recurrent VTE, cancer that was treated in the last 6 months or 
with palliative care, or less severe thrombophilia such as 
with heterozygous factor V Leiden or factor II mutation. 
A patient with a single VTE event occurring more than 
12 months ago with no other risk factors has a low risk for 
perioperative thromboembolism in the absence of VKA 
therapy. 

A number of scoring systems using risk factor assessment 
have evaluated the risk of thromboembolism in the setting of 
atrial fibrillation, but none directly apply in the perioperative 
setting [63, 64]. The ACCP practice guideline uses the 
CHADS, scoring system to determine the risk of thrombo- 
embolism in the absence of anticoagulation (Table 31.5). 
This system gives a score for risk factors: Cardiac failure, 
Hypertension, Age (75 years of age or older), Diabetes, and 
Stroke. Each factor has a value of one point in the score 
except for stroke, which is two points. Hence, the acronym 
CHADS, provides a scoring system to evaluate risk of embo- 
lism without anticoagulation. A patient with atrial fibrilla- 
tion is at high risk of VTE in the absence of VKA with 
CHADS; score of 5 or 6, stroke within 3 months, or rheu- 
matic valvular disease. Moderate risk for VTE exists with 
CHADS; score of 3 or 4. Low risk exists with CHADS, score 
of less than 3 without previous TIA or stroke [57]. 

For patients on VKA at high risk for thromboembolism in 
the absence of anticoagulation, VKA should be held 5 days 
before surgery, and therapeutic dose of bridging anticoagula- 
tion either with low-molecular-weight heparin (LMWH) or 
heparin should be started when the INR is <2. If the INR is 
not <1.5 at the time of the procedure, then low-dose vitamin K 
can be given. The last dose of LMWH should be on the morn- 
ing of the day before surgery. Unfractionated heparin admin- 
istered IV should be held at least 4 h before the procedure 
(57, 58]. With a moderate risk of thromboembolism, VKA 
should be held 5 days before the procedure. The clinician can 
choose between alternative bridging therapies. The bridging 
therapy can be therapeutic-dose LMWH or unfractionated 


Moderate risk Low risk 


Bileaflet aortic valve without 
atrial fibrillation or other risk 
factors for stroke 

CHADS; score of 0-2 without 
history of prior stroke/TIA 


Bileaflet aortic valve plus atrial 
fibrillation, prior stroke/TIA, HTN, 
DM, CHF, or age >75 years old 


CHADS; score of 3 or 4 


VTE within 3—12 months, recurrent 
VTE, cancer treated within 6 months 
or palliative care, less severe 
thrombophilic conditions 


Single VTE occurring more 
than 12 months before without 
other risk factors 


Table 31.5 CHADS; scoring system 


Risk factor Point value 
Congestive heart failure 1 
Hypertension 1 
Age >75 1 
Diabetes mellitus 1 
Stroke 2 


heparin, intermediate-dose bridging regime, or low-dose 
bridging therapy [58]. Low-dose bridging therapy is LMWH 
at DVT prophylaxis dose or unfractionated heparin 5,000 IU 
twice a day. The intermediate regimen is a dose between 
low and therapeutic therapy, such as enoxaparin 40 mg bid. 
Those patients at low risk for thromboembolism can have 
bridging with low-dose LMWH or no bridging depending 
on the clinical judgment of the physician; however, the most 
recent ACCP guidelines recommend no bridging therapy in 
low-risk patients. The bridging therapy should be restarted 
within 12-24 h after the procedure when hemostasis has been 
achieved. Resumption of bridging therapy after surgeries with 
high risk of major bleeding can occur beyond 24 h afterward 
when hemostasis has been accomplished. 

Dabigatran (Pradaxa), a direct thrombin inhibitor, is an 
alternative to warfarin to anticoagulate in the context of non- 
valvular atrial fibrillation [65, 66]. This medication should be 
discontinued prior to a surgical procedure on the same basis as 
VKA. Dabigatran is renally eliminated, and it should be stopped 
1-2 days prior to surgery in patients with a creatinine clearance 
greater than 50 mL/min. In patients with a creatinine clearance 
less than 50 mL/min, dabigatran should be stopped 3-5 days 
prior to the procedure. Bridging therapy should be initiated 
within 12-24 h of the last dose, depending on renal function. 
This medication does not have a specific reversal agent at this 
time, but it may be dialyzable. Also, coagulation factors such as 
factor VIIa, II, IX, or X may be effective in limiting bleeding. 

Antiplatelet therapy may be initiated for a number of rea- 
sons ranging from primary prevention of myocardial infarction 
or stroke to prevention of thromboembolism in a coronary 
artery stent, prevention of recurrence of recent stroke, or 
myocardial infarction. Patients at high risk for perioperative 
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cardiovascular events in the absence of antiplatelet therapy 
should continue aspirin and clopidogrel (Plavix) therapy unin- 
terrupted. High risk includes patients with a bare-metal stent 
placed in coronary artery within 6 weeks, drug-eluting coro- 
nary stent within 12 months of surgery, and myocardial infarc- 
tion within 3 months of surgery [59]. In patients undergoing 
coronary artery bypass graft surgery, aspirin therapy should 
be continued, but clopidogrel should be stopped 5—10 days 
prior to surgery. Patients undergoing percutaneous coronary 
intervention (PCI) should continue aspirin and clopidogrel or 
load clopidogrel if the patient is not taking it. Patients who 
are at high risk for perioperative cardiac events undergoing 
noncardiac surgery should continue aspirin through surgery, 
but clopidogrel should be stopped 5—10 days prior to surgery. 
Patients who are not at high risk for cardiovascular events 
should stop antiplatelet therapy prior to surgery. Those at low 
risk for perioperative cardiovascular events include patients 
taking antiplatelet drugs for primary prevention of myocar- 
dial infarction or stroke. For patients receiving antiplatelet 
drugs alone that are stopped prior to surgery, bridging antico- 
agulation with LMWH or unfractionated heparin is not initi- 
ated. Antiplatelet medications should be restarted within 24 h 
of surgery. Plavix can be restarted at 75 mg daily dose or with 
a loading dose. 

One prospective study of 52 PD catheter insertions, 
removals, or replacements with patients on aspirin therapy 
evaluated the risk of bleeding [67]. Twenty-nine of the pro- 
cedures occurred in patients receiving aspirin, 26 on aspirin 
100 mg daily, and 3 on aspirin 325 mg daily. The remaining 
23 procedures were in patients not taking aspirin or other 
anticoagulant and served as the control group. All proce- 
dures were performed using the open surgical technique. 
Postoperative bleeding was defined as wound hematoma or 
persistent oozing from the incision or exit site. Minor bleed- 
ing was bleeding that did not require surgical intervention or 
transfusion. Major bleeding occurred when a transfusion of 
packed red blood cells was required. Minor bleeding 
occurred in five patients (17.2 %) in the aspirin group and 
three patients (13 %) in the control group. Major bleeding 
occurred in one patient in the control group, and this proce- 
dure involved replacement of a PD catheter with synchro- 
nous repair of an umbilical hernia. Six of the nine bleeding 
events occurred after a catheter removal, which involved dis- 
section of the deep cuff out of the rectus. The study con- 
cluded that PD catheter-related procedures can be performed 
safely on low-dose aspirin therapy. 


31.5.3 Prophylactic Antibiotics 


Although the catheter placement procedure is performed 
under sterile conditions in an outpatient procedure room or 
surgery suite, an increased risk of infection exists because 


M. Buffington and K. Abreo 


a foreign body, the catheter, remains in the peritoneum 
after the surgery. Postoperative peritonitis could injure and 
diminish the function of the peritoneal membrane and subse- 
quently lead to decreased effectiveness of peritoneal dialysis 
for the patient [68]. 

The use of preoperative prophylactic antibiotics sig- 
nificantly reduces the risk for peritonitis developing in the 
postoperative period [69]. Guidelines recommend the use of 
prophylactic antibiotics either with vancomycin 1 g IV or 
with a first- or second-generation cephalosporin to reduce 
the risk of insertion-related peritonitis and exit site infections 
[4, 39, 70]. The antibiotic should be selected for individual 
patients with that choice based upon local patterns of antibi- 
otic resistance and frequently occurring organisms [3]. 

A study by Bennett-Jones et al. was one of the first 
prospective studies to show that administering gentami- 
cin 1.5 mg/kg IV at the beginning of surgery could reduce 
the incidence of exit site infections and peritonitis within 
28 days following the procedure [71]. Subsequently, a small 
prospective study compared 25 patients receiving single- 
dose cefazolin 500 mg IV and gentamicin 80 mg IV to a 
control group of 25 patients who did not receive preoperative 
antibiotics. This study found no significant reduction in exit 
site infections or peritonitis by giving preoperative antibiot- 
ics [72]. Golper et al. conducted a prospective analysis of 
peritonitis in 1939 patients across 68 PD units comprising 
the Network 9 data set that found giving antibiotics prior 
to PD catheter placement lowered the rate of peritonitis by 
39 % [73]. Thirty-eight patients were included in a prospec- 
tive study of preoperative antibiotics by Wikdahl et al. [68]. 
The patients were divided into group I (n= 18) that received 
cefuroxime 1.5 g IV and cefuroxime 250 mg intraperitone- 
ally in the first liter of dialysate following implantation of 
the catheter and group II (n=20) that did not receive anti- 
biotics. No patients in group I developed peritonitis in the 
10 days following catheter placement; however, in group H 
six patients developed microbial growth in dialysate and four 
patients developed peritonitis. Preoperative antibiotics sig- 
nificantly reduced the risk of peritonitis (p=0.021). 

Vancomycin is an effective choice to prevent peritonitis but 
should be used cautiously to limit development of resistant 
organisms. A prospective study comparing vancomycin and 
cefazolin found that vancomycin reduced the risk of postop- 
erative peritonitis [74]. This study spanning 6 years included 
221 patients with 254 catheter placements. Patients in group 
I (n=86) received vancomycin | g intravenously (IV) 12 h 
before the catheter placement procedure. Group II (n=85) 
received cefazolin 1 g IV 3 h before the procedure. Patients 
in group III (n=83) did not receive antibiotic prophylaxis. 
There were no significant differences between the three groups 
regarding demographic factors, history of prior catheter place- 
ments, or history of prior abdominal surgery. The study demon- 
strated a significant reduction in the incidence of postoperative 
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peritonitis in the patients receiving vancomycin compared to 
group II or HI. Results of this study showed that 1 % of patients 
(n= 1) in group I developed peritonitis within the 14-day moni- 
toring period. Six patients in group II (7 %) and ten patients in 
group III (12 %) developed peritonitis within 14 days of the 
procedure (p=0.02) [74]. The odds ratio of developing post- 
procedure peritonitis was 11.64 (confidence interval 1.456- 
93.14) in the control group, which received no antibiotics. The 
group receiving cefazolin had an odds ratio of 6.45 (confidence 
interval 0.76-54.8) for developing peritonitis. The vancomycin 
group had an odds ratio of 1.0 (with p=0.001). 

A first-generation cephalosporin is most frequently used 
as preoperative antibiotic prophylaxis, but in light of the 
above study, vancomycin is also a good choice [6, 8-11, 14]. 
Each program should consider the use of vancomycin in 
light of their patient population and organisms isolated in 
peritonitis balanced against the risk of vancomycin usage 
causing the development of resistant organisms [39, 70, 75]. 

Screening for nasal colonization of methicillin-resistant 
staphylococcus aureus (MRSA) allows identification of car- 
riers and their treatment in order to reduce the rate of exit site 
infections [76, 77]. Some studies of PD catheter placements 
described testing for nasal carriage of MRSA prior to the 
procedure [7, 11]. Post-procedure application of mupirocin 
(Bactroban) ointment in nares twice a day for 5 days reduces 
the rate of exit site infection. There is no data regarding 
whether treating nasal MRSA carriage prior to catheter 
placement reduced subsequent exit site infections [70]. 


31.6 Other Preparation for Catheter 
Placement 


Informed consent for the procedure and the use of moderate 
sedation should be obtained from the patient after the risks of 
the procedure have been explained fully to the patient and all 
questions have been answered. It is important that the patient 
empty the bladder just before the procedure to minimize the 
size of the bladder in the pelvis. Some physicians prefer to 
insert a Foley catheter into the bladder the morning of the 
procedure to prevent urinary retention from incomplete 
voiding and assist with early detection of inadvertent place- 
ment of the PD catheter into the bladder. However, this is 
considered optional. Most studies of PD catheter placement 
have patients empty the bladder rather than place a Foley 
catheter [7, 11, 14]. 

Bowel cleansing with a laxative or bowel prep will help 
prevent peritonitis in the unlikely event of a bowel perfora- 
tion [39, 75]. The patient should shower the morning of the 
procedure and scrub the abdomen with soap or detergent. 
Chlorhexidine is the most commonly used agent in catheter 
placement reports [6, 7, 14]. Abdominal hair should be 
clipped if present [75]. 


Conclusion 

Preoperative evaluation for placement of PD catheter 
involves detailed history and physical examination to 
determine risk factors for perioperative complications or 
conditions that could lead to failure to successfully place 
the catheter. Risk factors that could lead to complications 
of the procedure should be explored. Physical examina- 
tion should focus on anatomic barriers to placement of the 
catheter and planning of the exit site. Laboratory testing 
should identify potential complications such as hyperka- 
lemia and bleeding tendencies. Preparatory measures 
such as prophylactic antibiotics, bowel preparation, and 
bladder evacuation have also been reviewed. 
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32.1 Introduction 

Tunneled PD catheters are the most successful long-term 
transcutaneous access devices ever used in medical practice. 
While flow and infection problems complicate central 
venous catheters for hemodialysis in weeks to months, PD 
catheters can provide successful dialysis access for years 
with few problems in dialysate flow or infection. However, 
successful hydraulic function of a peritoneal catheter is a 
complex relationship between a simply shaped catheter and 
a natural, unique, and complex intraperitoneal space, which 
means that the hydraulic function is less predictable than 
hemodialysis catheters. The type of catheter chosen, the 
method of placing the catheter, the experience of the operat- 
ing physician, and the intraperitoneal anatomy all affect the 
success of PD catheters. This chapter reviews the types of 
catheters available currently and recently, proper location of 
catheter components, preoperative evaluation of the patient 
including ultrasound of the abdominal wall and peritoneum, 
overview of methods of placement, embedding of PD cath- 
eters and exteriorization, catheter repositioning, repair of 
pericatheter leaks and hernias, and catheter removal. 
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32.2 Types of Current Chronic Peritoneal 
Catheters and Comparative 
Advantages 


Chronic PD catheters used today are all constructed of 
silicone. The intraperitoneal portion contains numerous 
0.5—1-mm side holes. All chronic PD catheters have one or 
two Dacron® (polyester) cuffs that lie in the rectus muscle or 
subcutaneous space, which promote a local inflammatory 
response. This inflammation results in a fibrous plug 
attached to the Dacron that fixes the catheter in position, 
prevents pericatheter fluid leaks, and prevents bacterial 
migration around the catheter. Although there are numerous 
designs for PD catheters, the method of placement and expe- 
rience of the physician have more effect on the functional 
success and complications of the catheter than the catheter 

design [1]. 

On first view, there appears to be a bewildering variety of 
chronic peritoneal catheters currently on the market 
(Fig. 32.1). However, each portion of the catheter has only a 
few basic design options. 

There are three designs of the intraperitoneal portion: 
(Fig. 32.1a) 

e Straight Tenckhoff, with an 8-cm portion containing 
1-mm side holes 

e Curled Tenckhoff, with a coiled 16-cm portion containing 
1-mm side holes 

e Straight Tenckhoff, with perpendicular silicone discs 
(Toronto Western™ or Oreopoulos-Zellerman catheter) 
There are two basic shapes of the subcutaneous portion 

between the muscle wall and the skin exit site: (Fig. 32.1b) 

e Straight or a gently curved straight catheter 

e A permanent 150° bend or arc (Swan Neck™) 

There are four positions and designs for Dacron® 
(polyester) cuffs: 

e Single cuff around the catheter, usually placed in the rec- 
tus muscle but sometimes on the anterior surface of the 
rectus sheath (depending on the procedure used to implant 
the catheter) 
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Fig. 32.1 Currently available peritoneal catheters; intraperitoneal and 
extraperitoneal designs; all are made from silicone with Dacron® cuffs. 
Arrows indicate usual position of parietal peritoneum and skin surface 


e Dual cuffs around the catheter, one in the rectus muscle 
and the other in subcutaneous tissue 

e Disc-bead deep cuff, with parietal peritoneum and poste- 
rior rectus sheath sewn between a Dacron® disc (20 mm) 
and a silicone bead (12 mm), usually in combination with 
a subcutaneous cuff (Oreopoulos-Zellerman™ and 
Missouri™ catheters, Fig. 32.1b) 

e Subcutaneous extension to a double cuff swan neck 
portion (presternal catheter) 

The outer diameter of adult PD catheters is 5 mm, yield- 
ing a catheter size of about 15 French. There are two differ- 
ent internal diameters for adult PD catheters: 

e 2.6 mm, the standard Tenckhoff catheter size (also Swan 
Neck™ catheter, Missouri™ Swan Neck™ catheter, and 
Oreopoulos-Zellerman™ catheter) 

e 3.5 mm, the Flex-Neck® catheter, which provides faster 
flow rates and makes the catheter body less rigid 


Double cuff 


2 cuff 
Disc-bead double cuff 


Swan neck 
(150 degree permanent bend-arcuate) 


Disc-bead double cuff swan neck 
(Missouri catheter) 


relative to the catheter. (a) intraperitoneal portions, (b) subcutaneous 
portions, (c) swan neck presternal catheter extension 


The various intraperitoneal designs have all been created 
to diminish the incidence of outflow obstruction due to 
omental attachment to the catheter. The shape of the curled 
Tenckhoff catheter and the discs of the Toronto Western™ 
catheter hold visceral peritoneal surfaces away from the side 
holes of the catheter. The optimal location for the standard 
deep cuff is within the rectus muscle. Fixation of the deep 
cuff within the muscle generally avoids problems associated 
with the deep cuff migration, including pericatheter leaks, 
pericatheter hernias, and exit-site erosion. However, outward 
migration still may occur over time, since the deep cuff can 
extrude from the muscle over time. The goal of more compli- 
cated deep cuff designs is to prevent this outward migration 
of the deep cuff and the catheter. The disc-bead deep cuff is 
fixed in position by the apposition of the bead against the 
parietal peritoneum and the disc against the posterior rectus 
sheath. 


32 Operative Considerations for Peritoneal Dialysis Catheter 


Variations in the subcutaneous catheter shapes are designed 
to provide a lateral or downward direction of the exit site. This 
direction minimizes the risk of exit infection. An upward 
directed exit site collects debris and fluid, increasing the risk 
of exit-site infection. The larger internal diameter of the Flex- 
Neck® catheters provides lower hydraulic resistance and more 
rapid dialysate flow during inflow and the early phase of out- 
flow. In the latter part of outflow, the resistance to flow is 
determined mostly by the spaces formed by peritoneal sur- 
faces as they approach the catheter, rather than the inside of 
the catheter, so the catheters do not increase blood flow at this 
part of outflow. All catheters with a larger internal diameter of 
the tubing have a thinner wall and therefore crimp somewhat 
more easily than the catheters with a smaller ID. Some extra 
training and caution are necessary for physicians to make sure 
that they do not bend the catheter too acutely in the subcutane- 
ous space during placement, and patients should be advised to 
not repeatedly fold and crimp the external tubing of the cath- 
eter when bandaging the exit site. 

Silicone rubber seems to be an ideal material for creation of 
PD catheters, but other materials could work well. Polyurethane 
catheters such as the Cruz “pail-handle” catheter have been 
marketed, but they did not provide a lower incidence of per- 
sisting peritonitis or omental attachment leading to outflow 
failure. Polyurethane catheters had a weaker bond to the 
Dacron® cuff, and loosening of this bond created pericatheter 
leaks and peritonitis quite frequently. Degradation of the tub- 
ing of polyurethane PD catheters also occurred in a number of 
patients, with catheter fracturing [2, 3]. These complications 
have not been seen in polyurethane central venous catheters, 
or in silicone catheters, so perhaps they were due to a peculiar 
interaction of polyurethane with fat, fatty acids, or surfactants 
in the abdominal subcutaneous tissue. More advanced copoly- 
mers such as polycarbonate-polyurethane are now used very 
successfully in central venous catheters, but these copolymers 
have not been used for construction of PD catheters. 

The “presternal” PD catheter is designed to provide an 
exit site over the chest or the upper abdomen rather than in 
the mid-abdomen. It is an appropriate alternative when an 
abdominal catheter exit site is not suitable or desirable, such 
as obese patients, those with abdominal ostomies, inconti- 
nent patients with diapers, and those who desire to take a 
deep tub bath without risk of exit-site contamination [4]. The 
device consists of a standard peritoneal catheter placed in the 
usual manner with the deep cuff within the abdominal wall. 
From the primary incision, a second catheter with two cuffs 
is tunneled to the upper abdomen or chest. The two catheters 
are then joined by a titanium connector. Presternal catheter 
systems are available for both Missouri and standard 
Tenckhoff catheters [5]. Figure 32. 1c shows the general con- 
figuration and position of the components of the presternal 
catheter. The presternal catheter exit-site location should be 
planned preoperatively. The exit site should avoid the open 
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collar area, bra line, and fleshy part of the breast. The subcu- 
taneous tract should be parasternal in location and not cross 
the midline in the event that the patient should subsequently 
require a midline sternotomy for cardiovascular surgery. The 
usual alignment of the Swan Neck presternal segment is such 
that the exit limb is oriented medially with the exit site at 
least 2.5-3 cm off of the midline. 

Long-term outcomes for the presternal catheter have been 
excellent, especially considering that the patients are often 
obese. In non-randomized studies, the 2-year survival of pre- 
sternal Missouri catheters was about 90 %, while the survival 
of abdominal Missouri catheters was about 75 % (though 
results were not significantly different and catheters removed 
for persistent peritonitis without signs of tunnel infection 
were not included) [6]. 

Another peritoneal catheter variation is the “self-locating” 
catheter, a modification of Tenckhoff catheter with a 12-g 
cylinder of Tungsten at the tip to ensure non-displacement of 
the catheter tip from the pouch of Douglas. The study from 
16 Italian centers included 746 patients receiving a self- 
locating catheter compared to 216 patients receiving a tradi- 
tional Tenckhoff catheter [7]. The results showed significantly 
better outcomes of the self-locating catheter including cuff 
extrusion, infection, peritonitis, early leakage, and obstruc- 
tion that were statistically less frequent. This catheter is not 
available in the USA but is placed frequently in Italy and in 
Europe. 


32.3 Proper Location of Catheter 
Components 


There is general agreement on the proper location of the com- 

ponents of chronic peritoneal catheters (Figs. 32.2 and 32.3): 

e The intraperitoneal portion should be between the parietal 
and visceral peritoneum and directed towards the pelvis 
to the right or left of the bladder. 

e The deep cuff should be within the rectus muscle, at the 
medial or lateral border of the rectus sheath. 

e The subcutaneous cuff should be approximately 2 cm 
from the skin exit site. 

Placing the deep cuff within the rectus muscle promotes 
tissue ingrowth and therefore minimizes pericatheter hernias, 
leaks, catheter extrusion, and exit-site erosion [8]. At the 
parietal peritoneal surface, the squamous epithelium reflects 
along the surface of the catheter to reach the deep cuff. If the 
deep cuff is outside the muscle wall, the peritoneal extension 
creates a potential hernia. At the skin surface, the stratified 
squamous epithelium follows the surface of the catheter until 
it reaches the superficial cuff. If the exit-site tunnel is longer 
than 3 cm, the squamous epithelium does not reach the 
superficial cuff, and granulation tissue remains, producing a 
serous fluid that weeps into the tunnel to create an exit site 
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that is continually wet and crusted. This increases the poten- 
tial for exit-site infection. 

Some peritoneal catheters have components that provide 
greater fixation of the deep cuff within the musculature such 
as the Missouri™, Toronto Western™, and the previously 
available Advantage™ and column-disc catheters. With all 
of these catheters, outward migration of the catheter is 
impossible, even if there is poor tissue ingrowth into the deep 
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Fig. 32.2 Determining approximate location of deep cuff of PD cath- 
eter to assure that the coil of the catheter is behind the inguinal liga- 
ment. Deep cuff may be placed at the lateral border or medial border of 
the rectus muscle 


Fig. 32.3 Proper relationship 
of peritoneal cuffs to abdominal 
musculature, parietal and 
visceral peritoneum, and skin 
exit site for straight Tenckhoff 
catheter 
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cuff or disc. With exception of the Advantage catheter (no 
longer available), all of these catheters with parietal perito- 
neal fixation have been placed surgically. 

In placement of peritoneal catheters, it is best to choose a 
deep cuff location that is free of major blood vessels 
(Fig. 32.4). The superficial epigastric arteries course from 
the femoral artery and ligament towards the umbilicus, ante- 
rior to the rectus sheath. The inferior epigastric arteries lie 
behind the rectus muscles, roughly in the middle of the rectus 
sheath. Considering the position of these arteries, the safest 
locations for placing the deep cuff are in the medial or lateral 
borders of the rectus muscle. For procedures using a cannula 
or needle insertion, it is best to aim directly at the perceived 
lateral border. This can be located in physical exam by find- 
ing the anterior superior iliac spine and the midline and 
determining the midpoint of the line between these two 
points. In patients without much subcutaneous fat, the lateral 
border of the rectus can be felt when the patient tightens their 
muscles. The medial border is located 1—2 cm from midline, 
below the umbilicus. The exact location of the medial and 
lateral border of the rectus muscle can be determined more 
precisely using ultrasound (as shown below). The intraperi- 
toneal portion of the catheter should be placed adjacent to the 
parietal peritoneum. 


32.4 Preoperative Evaluation 
and Ultrasound Imaging 
of the Abdominal Wall 


When a peritoneal catheter placement is planned, the follow- 

ing information needs to be obtained: 

e Previous abdominal surgeries and location of scars. 

e Prior PD catheter placements, locations, operative find- 
ings, and reasons for catheter failure. 
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Fig. 32.4 Major blood vessels 
and landmarks of the anterior 
abdominal wall. Open squares 
represent the preferred and safest 
points for location of the deep cuff 
of a chronic peritoneal catheter, 
within the medial or lateral border 
of the rectus muscle. Solid squares 
indicate the external landmarks 
used during blind insertion of a 
needle or cannula at the start of 
peritoneoscopic or blind catheter 
placement: 2 the distance between 
the anterior superior iliac spine for 
the lateral border of the rectus and 
1-2 cm from midline below the 
umbilicus for the medial border of 
the rectus 


McBurney’s point 


Approximate course 
of inferior and 
superior epigastric 
arteries (posterior) 


Approximate course 
of superficial 
epigastric arteries 
(anterior) 


e Presence of ventral hernias and whether bowels are 
present within the hernia (by physical exam, ultrasound, 
or x-ray evaluation). If bowels are present within the her- 
nia, then it is imperative to have the hernia repaired before 
initiation of PD therapy. 

e Bowel function, including constipation or diarrhea (if 
constipated, give laxatives for 2-3 days before the 
procedure). 

e Bleeding risk, including low platelet count, use of anti- 
platelet drugs (aspirin or Plavix), anticoagulants (warfarin 
or newer agents), and intrinsic coagulopathies (factor V 
abnormalities, lupus anticoagulant, and cardiolipin 
antibodies). 

e Blood tests relating to bleeding risks (placement of a PD 
catheter in a patient on Coumadin can be done safely if 
INR is below 2 and if platelet count is over 50,000). 

e Allergy to antibiotics and sensitivity or allergy to seda- 
tives or analgesics. 

Instructions to patient should include the following: 

e Do not eat any solid food for 8 h before the procedure. 

e Do not drink any liquids 2 h before the procedure (3 hours 
for diabetic patients). 

e Urinate before coming to the facility and again after com- 
ing to the facility. 

e Let the staff know if you have been constipated lately. 

e If you are taking antiplatelet and anticoagulant drugs such 
as Coumadin, consult with your doctor to determine when 
they should be stopped before the procedure. Usually 
these medications are stopped 5 days before the catheter 
placement, but your physician may choose instead a 
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different time, a reduced dose, or substitution of another 

short-term anticoagulant such as Lovenox™ depending 

upon the need for anticoagulation. Your physician may 
also order a blood test to determine the function of your 
blood clotting system. 

When the patient arrives at the center for catheter place- 
ment, the above information is reviewed, and a careful physi- 
cal examination is performed. By physical examination, 
hernias can be confirmed, and the lateral and medial border 
of the rectus and the location of the anterior superior iliac 
spine (the deep cuff is generally placed cranial to this level) 
can be identified. The presence of panniculus can be deter- 
mined, and an estimation of subcutaneous fat thickness at 
various potential locations of the deep cuff. With a catheter 
or a template, the planned location of the tip of the catheter 
can be determined, as well as the planned exit site (choosing 
an exit site above or below the belt line) as in Fig. 32.2. 

PD catheters are often placed without a prior ultrasound 
evaluation of the anterior abdominal wall. However, many 
physicians have found that using ultrasound examination 
improves the ease and success of the placement procedure and 
occasionally prevents immediate failure of the procedure or 
catheter. Using a medium frequency probe such as used in 
placing IJ catheters, accurate information can be gained on: 

e The exact location of the medial and lateral border of the 
rectus muscle, noted by thinning of the rectus sheath at 
these locations. 

e The absence of bulky or firm adhesions between the vis- 
ceral and parietal peritoneal surfaces (by observing free 
motion of the visceral peritoneum against the parietal 
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Fig. 32.5 Ultrasound of abdominal wall near the lateral border of the 
rectus. Tissue layers from top to bottom are: subcutaneous fat, anterior 
rectus sheath, rectus muscle, posterior rectus sheath, parietal perito- 
neum and mesenteric fat 


peritoneum and, a clear single or double line of the peri- 

toneum beneath the rectus sheath). Though this method is 

not perfect, it at least demonstrates dense adhesions and 
whether adhesions are more prominent on one side of the 
abdomen or the other. 

e The location of the inferior epigastric artery within the rec- 
tus muscle (through finding a round, echo-free space which 
expands with heartbeats but does not compress under pres- 
sure from the probe). The epigastric artery is usually near 
the middle of the rectus muscle and lying against the pos- 
terior rectus sheath but has considerable variation. Smaller 
arteries can be identified by Doppler ultrasound. If the 
inferior epigastric artery is not found by either method of 
ultrasound, then it is small and unlikely to cause any bleed- 
ing problems during placement of the catheter. 

e The thickness of the subcutaneous fat layer between the 
rectus muscle and the skin and a comparison of the fat 
layer thickness at levels. In general, the length of the skin 
incision over the deep cuff location should be the same as 
the depth of the fat layer. 

To properly perform the ultrasound examination, the 
patient must lie flat in the supine position, as they will on the 
procedure table. Figure 32.5 is an example of an ultrasound 
of the lateral border of the rectus muscle in a normal patient. 
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During the ultrasound examination, there are sometimes 
surprises, such as subcutaneous veins which enlarge with 
SVC occlusion, connect through the rectus, and create a 
plexus in the pre-peritoneal space of the abdominal wall. A 
subcutaneous plexus of veins is shown in Fig. 32.6, a non- 
contrast CT of the anterior abdominal wall in a patient with 
asymptomatic SVC occlusion. Doppler ultrasound detected 
the SQ vessels and pre-peritoneal plexus of veins allowing 
placement of a catheter in an area free of both. 


32.5 Placement Technique Overview 


Throughout the history of PD, there has been a steady evolu- 
tion of techniques of catheter placement. The goal of catheter 
placement techniques is to obtain: 

e Proper placement of all of the components of the catheter 
(the catheter tip adjacent to the parietal peritoneum, deep 
cuff in rectus musculature, and subcutaneous cuff 2 cm 
below the exit site) 

e A tight seal between the catheter cuffs and muscle and 
subcutaneous tissue 

e A small exit site of size just large enough to permit 
passage of the catheter and without sutures 

e Adequate hydraulic function for PD (manual or 
automated) and avoid: 

— Patient discomfort during or after the procedure 

— Pericatheter leaks 

— Trauma to tissues and organs surrounding the catheter 

— Bleeding from muscle, peritoneum, or subcutaneous 

tissues 

— Infection 

The earliest tunneled and cuffed peritoneal catheters were 

placed blindly, using the Tenckhoff trocar, essentially a per- 
cutaneous technique. Surgical or dissective placement 
evolved soon after, and techniques evolved balancing the 
need for exposure of the peritoneum with making a small 
incision in the rectus muscle. Peritoneoscopic techniques 
using a 2.2-mm needlescope and an expandable guide for 
placing the deep cuff evolved in the 1980s, with the great 
advantage of visualizing the peritoneal space, avoiding adhe- 
sions, and placing the tip of the catheter next to the parietal 
peritoneum. Percutaneous placement blind technique with 
guidewire and split sheath followed the development of these 
techniques for placing tunneled IJ dialysis catheters. More 
recently the use of a fluoroscopy and a long guidewire to 
assist blind placement has been shown to improve results. 
Laparoscopic techniques for catheter placement have become 
popular among some surgeons and provide vision of adhe- 
sions and choice of the best catheter location. Especially if 
omentopexy is performed and a long downward tunnel in the 
rectus muscle is created during the procedure, results are 
excellent. 
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Fig. 32.6 Non-contrast CT of patient with subcutaneous plexus of veins developing after superior vena cava occlusion, shown penetrating the 
rectus muscle sheath. (a) coronal plane, anterior to rectus muscles. (b) sagittal plane 


The advantages of percutaneous methods include the 
minimal trauma of the technique, ability to avoid general anes- 
thesia, potential to avoid pericatheter leaks (allowing an earlier 
start of PD), and lower incidence of infections. Peritoneoscopic 
methods allow visualization of the parietal peritoneum and 
placement of the catheter against this surface, visualization 
and avoidance of adhesions, and choice of the longest and 
clearest space for placing the catheter. Surgical methods have 
the advantage that they are easily implemented by surgeons 
and exercising care in suturing the peritoneum and rectus 
sheath can result in very low leak rates. Some catheters such as 
the Missouri and Oreopoulos-Zellerman catheters can only be 
placed surgically. Laparoscopic techniques have the advantage 
of excellent intraperitoneal vision and the ability to perform 
omentopexy, tunneling of the catheter within the rectus sheath 
or pre-peritoneal space, and other procedures during catheter 
placement. Overall, the type of technique chosen determines 
outcome less than do the skill and experience of the physician. 
An excellent review of peritoneal catheter placement 


techniques is found in the 1998 “Best Practices” publication of 
ISPD [11]. 


32.5.1 Blind Placement by Tenckhoff Trocar 


When Tenckhoff first described the twin cuffed PD catheter, 
he also described a device that could place this catheter into 
the peritoneum and position the cuffs in approximately the 
right position. The Tenckhoff trocar is still used in many 
centers for placement of Tenckhoff and similar catheters, 
especially in practices outside of the USA. After inserting 
the device tip through the rectus muscle, the stylet is removed, 
the PD catheter is advanced through the trocar, and the halves 
of trocar are removed around the catheter, leaving the deep 
cuff just outside the outer rectus sheath (Fig. ). The cuff 
could then be advanced into the musculature with hemostats. 
Placement of the PD catheter by Tenckhoff trocar resulted in 
a 2-43 % risk of pericatheter leak, especially if PD was 


300 


Cranial ==> 


Umbilicus 


Epidermisa” SS 
EA Subcutaneous 
fat 
Fascia... S , 
(linea alba) y Peritoneal 
membrane 


Fig. 32.7 The Tenckhoff trocar, as shown after removal of the trocar 
portion and with the catheter inserted. Removing the outer tube allowed 
the body of the cannula to split into two pieces, and each was then 
removed separately, leaving the cuff just outside the linea alba 


initiated soon after placement of the catheter. There was a 
5-50 % risk of outflow failure with this blind technique [1]. 


32.5.2 Dissection (Surgical) 


Surgical dissection is still the most commonly used method 
for placement of chronic PD catheters, and some catheters 
require surgical placement (Toronto Western and Missouri 
catheters) [9, 10]. As reviewed by Dr. Crabtree, placement 
by dissection begins with either extensive local anesthesia or 
light general anesthesia. There are two general approaches: 
the lateral and the paramedian. The skin, subcutaneous tis- 
sue, and anterior rectus sheath over the desired entry site are 
dissected, resulting in creation of the primary incision. After 
blunt dissection through the rectus muscle, the posterior rec- 
tus sheath is identified and a 1-2-cm incision made. The 
peritoneum is identified, lifted, and opened with a 1-2-cm 
incision as in Fig. 32.8. The space between the parietal and 
visceral peritoneum is identified. If the omentum is promi- 
nent in this location, the surgeon can perform a local, partial 
omentectomy by pulling out 7—10 cm of omentum and resect- 
ing it, though this is done mostly in placement of peritoneal 
catheters in children. The catheter is prepared by wetting and 
injecting with saline and squeezing all air bubbles out of the 
cuffs under saline to promote better tissue ingrowth. It is 
washed with sterile normal saline, 20 mL of which is injected 
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Fig. 32.8 Dissective implantation approach. Parietal peritoneum is 
being lifted through the rectus sheath incision 


through it to remove particulates. It is then advanced through 
the incision into the peritoneal cavity by feel using a stylet or 
a large, curved, blunt clamp. With an internal stylet, the 
Tenckhoff is inserted into the peritoneum while the stylet is 
retracted. A curled Tenckhoff then uncoils and advances 
within the peritoneal space. The proper location of the cath- 
eter tip should be just beneath the left or right inguinal liga- 
ment, between the anterior abdominal wall and the mass of 
omentum and bowel loops. In this location, there is less 
chance of functional outflow obstruction from bowel loops 
and omentum. After proper positioning of the catheter tip, 
the peritoneum is closed tightly around the catheter below 
the level of the deep cuff using a running lock stitch. The 
abdominal musculature and posterior and anterior rectus 
sheath are closed around the cuff with sutures. 

The skin exit site is then selected. The location can be 
estimated by laying the outer part of the catheter over the 
skin, accommodating for a bend to direct the exit towards the 
patient’s feet. If the catheter does not have a preformed 
arcuate bend, create a gentle bend in the subcutaneous tract 
to direct the exit site laterally or downward. A sharply arcu- 
ate subcutaneous course creates tension between the two 
cuffs and tends to displace the intra-abdominal portion from 
the pelvis. A straight course between the cuffs also creates 
tension between the cuffs. The skin exit site should be 
approximately 2 cm distant from the location of the superfi- 
cial cuff. This distance is necessary to allow proper epitheli- 
alization of the tract down towards the superficial cuff. 

A tunneling tool is then passed subcutaneously from the 
primary incision to the skin exit site from below. The skin is 
nicked over the tool to create the exit site, and the catheter is 
pulled through the tunnel by attachment to the tunneling 
tool. The tunnel is widened through the primary incision 
with hemostats lightly attached to the catheter to facilitate 
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passage of the superficial cuff through the tunnel to its proper 
position near the exit site. 

A limitation of the dissective approach is that there is lim- 
ited visualization of the peritoneal space, and the catheter tip 
is advanced into the peritoneum mostly by “feel” as the cath- 
eter is advanced. A local omentectomy may be performed 
through the incision to the peritoneum, but the technique is 
limited by the size of the peritoneal opening. 


32.5.3 Laparoscopic Placement, with 
Omentopexy and Long Rectus Tunnel 
Options 


As stated by Dr. John Crabtree [5], with the revolutionary 
introduction of laparoscopic cholecystectomy into surgical 
practice, surgeons have endeavored to apply the laparoscope 
to virtually every abdominal procedure. However, laparo- 
scopic techniques used by surgeons to establish PD access 
are still evolving. Currently, there is no standardized meth- 
odology for laparoscopic PD catheter implantation. The pro- 
cess is partially impeded by the attempted use of ordinary 
laparoscopic equipment that is familiar to surgeons but is not 
suitably adapted to catheter insertion. As a consequence, 
reported outcomes have been extremely variable and fre- 
quently demonstrate no clear advantage to implantation of 
catheters by standard open dissection. 

The strength of laparoscopy is that it allows an opportunity 
to visibly address problems that adversely affect catheter 
outcome, namely, catheter tip migration, omental entrap- 
ment, and peritoneal adhesions [11-13]. Identifying and pre- 
emptively correcting these problems at the time of the 
implantation procedure are potential advantages of surgical 
laparoscopy over other catheter insertion techniques. 

One of the impediments for using laparoscopy as a means 
of implanting PD catheters has been the necessity for general 
anesthesia. The instruments used during laparoscopy are 
large, at least 5-mm diameter, as shown in Fig. 32.9. 
Insufflation of CO, gas to create the pneumoperitoneum pro- 
duces pain and requires general anesthesia. In addition, 
insufflation of CO, can produce metabolic acidosis and car- 
diac arrhythmias. Recently, the use of alternative insufflation 
gases (nitrous oxide, helium) that are painless and metaboli- 
cally inert has permitted safe laparoscopy under local anes- 
thesia [13, 14]. Air is also painless when infused into the 
peritoneum, and this is used in the peritoneoscopic technique 
described below. For infusion of all gases, care must be taken 
to assure that the gas enters the peritoneal space and not into 
blood vessels or solid tissues. 

Laparoscopic dialysis catheter implantation is accom- 
plished using a 2-port technique as shown in Fig. 32.9. The 
peritoneal catheter is inserted through a port at the previ- 
ously designated paramedian site while continuously moni- 
toring the implant procedure with a laparoscope from a 
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second port location. Any patient that is a candidate for 
catheter insertion by open dissection is a candidate for 
laparoscopic implantation. A history of previous abdominal 
surgery and the location of surgical scars only dictates the 
manner in which the gas insufflation needle (Veress needle) 
and the initial camera port are inserted. Under local anesthe- 
sia, with the patient protruding and tensing the abdominal 
wall to create a rigid platform, the Veress needle is safely 
inserted using the closed method through a pararectus inci- 
sion on the side opposite of the planned catheter insertion 
site. Under general anesthesia, closed insertion of the Veress 
needle can be achieved at the lateral border of the rectus 
sheath below the costal margin in either of the upper abdomi- 
nal quadrants. Alternatively, and in the event of midline scars 
or multiple previous abdominal surgeries, the initial port is 
placed by opening the peritoneum under direct vision. 

After insertion of the camera port and creation of a satis- 
factory pneumoperitoneum, laparoscopic exploration of the 
peritoneal cavity is performed. The laparoscope permits 
evaluation for undiagnosed abdominal wall hernias, redun- 
dant omentum, and adhesions that create compartmentaliza- 
tion or obscure the planned catheter insertion site. Rectus 
sheath tunneling is important for maintaining pelvic orienta- 
tion of the catheter to prevent catheter tip migration, as 
shown in Fig. 32.10 [15-17]. In addition, the tangential 
passage of the catheter through the abdominal wall reduces 
the risk of pericannular leak or hernia. The PD catheter, 
straightened over a stylet, is advanced through the port under 
laparoscopic control. The stylet is partially withdrawn as the 
catheter is advanced. The catheter tip is positioned in the 
retrovesical space. To make sure that the deep cuff has passed 
through the anterior rectus sheath, the catheter is advanced 
until the cuff is visible in the peritoneal cavity. Once the port 
and stylet are removed, the catheter is gently withdrawn until 
the deep cuff is just below the anterior rectus sheath. 
Subcutaneous tunneling of the catheter to the selected exit 
site will be discussed in a separate section to follow. After 
establishing careful wound hemostasis, the subcutaneous tis- 
sue and skin are sutured in separate layers. 

Redundant, thin, filmy omentum that extends into the pel- 
vis that lies in juxtaposition to the catheter tip increases the 
risk of omental entrapment. The performance of an omental 
tacking-up procedure (omentopexy) as shown in Fig. 32.9 
eliminates this complication [18, 19]. The procedure is per- 
formed only when the omentum is found to extend into the 
pelvis. Employing selective criteria for omentopexy elimi- 
nates the performance of unnecessary procedures and mini- 
mizes cost. Omentopexy requires insertion of an additional 
port through which grasping forceps are used to pull the 
omentum into the upper abdomen. Here it is fixed to the 
abdominal wall or the falciform ligament with a suture or 
tacking device. Laparoscopic resection of the omentum has 
been performed but requires more instrumentation and pro- 
cedure time without increasing the benefit provided by 
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Fig. 32.9 (a) Laparoscopic atraumatic port system includes, from left 
to right, Veress-type needle for pneumoperitoneum, radially expandable 
plastic sleeve, 7/8-mm dilator-cannula assembly with attachable valve. 


omentopexy. Alternatively, teasing the omentum out through 
one of the port incision sites has permitted partial omental 
resection. Although the procedure is shorter than laparo- 
scopic resection and requires no extra instrumentation, 


(b) close-up of valve. (c) operative field during laparoscopic placement 
of PD catheter. (d) diagram of omentopexy procedure. (Courtesy Dr. 
John Crabtree) 


partial omentectomy is still followed with an incidence of 
flow obstruction as high as 10 % [15, 20-22]. 

Adhesions from previous abdominal surgery may involve 
the parietal peritoneum at the planned site for catheter 
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Fig. 32.10 Method of creating a long tunnel within rectus and pre- 
peritoneal fat to create a fixed downward direction of the PD catheter 
towards the pelvis (Courtesy Dr. John Crabtree). (a) Veress needle- 
expandable sleeve assembly is inserted through skin incision and ante- 
rior rectus sheath. (b) The needle-sleeve assembly is angled toward the 
pelvis, advanced down the rectus sheath, and pushed through into the 


insertion or form intraperitoneal compartments that poten- 
tially contribute to poor drainage function. When these 
lesions are detected laparoscopically, additional ports may 
be inserted to permit adhesiolysis with laparoscopic scissors, 
cautery, or an ultrasonic shears device (ultrasonic scalpel). 
However, it is neither necessary nor desirable to mobilize 
every adhesion. Omental adhesions to the abdominal wall 
above the level of the pelvis that will not interfere with drain- 
age of dialysate from the upper abdomen may even protect 
from omental entrapment of the catheter. Extensive 
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peritoneal cavity at the indicated site. (c) The needle is removed and the 
expandable sleeve serves as a conduit for insertion of the dilator-can- 
nula. The dialysis catheter over a stylet is advanced into the peritoneal 
cavity until the deep cuff is visible. (d) The cannula and stylet are with- 
drawn, and the catheter is pulled back until the deep cuff is just below 
the anterior rectus sheath 


adhesiolysis to create a dialyzable space has met with vari- 
able success [11, 12]. Damage to the parietal peritoneum 
may result in insufficient dialyzable surface area. Immediate 
use of the created space by standard volumes of dialysate is 
necessary to prevent obliteration of the peritoneal cavity 
from acute adhesions between raw surface areas. Dialysate 
fluid leaks through laparoscopic port sites and around the 
catheter may still occur despite attempts to obtain watertight 
closure. In addition, prolonged anesthesia time and conver- 
sion to an open laparotomy to control bleeding or repair 
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accidental enterotomies can potentially complicate such 
heroic attempts to create a dialyzable space. 


32.5.4 Peritoneoscopic Placement 


Peritoneoscopic placement of PD catheters has become 
popular over the last three decades by offering a method for 
placing peritoneal catheters under local anesthesia but pro- 
viding visualization of the peritoneal space. This technique 
has many advantages, besides being minimally invasive. The 
method has the ability to ascertain proper position of the 
catheter within the peritoneal cavity along with the ability to 
directly inspect and avoid any adhesions, bowel, or omentum 
while reducing the risk of injury to bowel. Placement of the 
catheter against the parietal peritoneum in an area free of 
adhesions improves the likelihood of good hydraulic func- 
tion of the catheter, compared to blind or dissective 
techniques in which the catheter can be placed under bowel 
loops or omentum. The minimal dissection required by this 
technique, and use of a Luke™ guide to place the deep cuff 
within the rectus muscle, results in lower risk of leakage and 
infections (the Luke™ guide is a recent improvement of the 
Y-Tec Quill™ guide marketed previously). The placement 
can be done under local anesthesia and with moderate con- 
scious sedation if needed, and general anesthesia is not 
required. As with any other technique, the essential require- 
ment is the operator experience. Complications such as 
bowel perforation are statistically no different from surgical 
techniques and probably less than for blind techniques. The 
steps of catheter placement using a peritoneoscope and the 
Y-Tec™ system (Medigroup, Oswego, IL) are shown in 
Fig. 32.11. The appearance of various adhesions as seen 
through the 2.2-mm Y-Tec scope is shown in Fig. 32.12. 

A significant amount of experience has accumulated with 
the use of the peritoneoscopic technique. An initial study 
suggested good success of this approach [23, 37]. The tech- 
nique was also compared with surgical placement of PD 
catheter in observational and randomized trials. A random- 
ized controlled study of outcomes of PD catheter placed by 
peritoneoscopic method (n=76) versus those placed by sur- 
gical method (n=72) found not only a less frequent occur- 
rence of leak or infection in early postoperative period but 
also a superior survival of catheter when placed peritoneo- 
scopically (Fig. 32.13) [24]. The survival of peritoneoscopi- 
cally placed catheters was superior (77.5 % at 12 months, 
63 % at 24 months, and 51.3 % at 36 months) to those placed 
surgically (62.5 % at 12 months, 41.5 % at 24 months, and 
36 % at 36 months) with P<0.02, 0.01, and 0.04, respec- 
tively. Similar success was reported in another study com- 
paring peritoneoscopic to surgical placement [25]. A recent 
paper described a 95 % success rate at 2 years, for PD cath- 
eters placed peritoneoscopically in the left iliac fossa [26]. 
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Bowel injuries during PD catheter placement are rare with 
the peritoneoscopic technique (less than 1 in 500 cases) but 
use of Veress insufflation needle has made bowel perforation 
even more unlikely during the initial access to the peritoneal 
cavity [27]. The peritoneoscopic approach remains popular, 
especially among nephrologists though special equipment 
and training is required. The technique is of particular value 
in patients with prior surgery, to demonstrate presence and 
extent of adhesions. 


32.5.5 Fluoroscopic Placement 


Interventional nephrologists are familiar with the use of 
micropuncture and Seldinger techniques and have preexist- 
ing facilities for the use of fluoroscopy in a sterile environ- 
ment. Fluoroscopic placement of the PD catheter has evolved 
in the interventional suite over the last decade. Although the 
technique does not allow direct visualization of the perito- 
neal cavity, correct position of the first entry needle within 
the peritoneum is easily confirmed by instillation of radio- 
contrast medium as shown in Fig. 32.14. Insertion of a long 
guidewire into the abdomen and advancing it until it forms a 
curve in the lower abdomen brings the wire against the pari- 
etal peritoneal surface as shown in Fig. 32.15. Inserting a 
dilator and split sheath then allows the catheter to follow this 
same course. The deep cuff is then inserted into the rectus 
muscle using hemostats. The success of this technique is 
high with a low incidence of complications [28]. 

The results of fluoroscopic placement of PD catheter 
have been studied by many authors and demonstrate a high 
initial technical success rate [29]. Due to the selection bias 
of these studies towards low-risk patients, a direct compari- 
son of the results to results of surgical placement is unlikely 
to be fair. The long-term outcomes of these catheters from a 
study describing 10-year experience demonstrate a 14 % 
loss of catheters due to peritonitis, 7 % loss from pericath- 
eter leak, 8 % from exit infection, and 2 % due to outflow 
failure. 

The fluoroscopic method of PD catheter placement is con- 
tinually being refined and improved. A recent case series 
reported modified fluoroscopic placement of PD catheter 
using ultrasound guidance to enter the peritoneal cavity 
under direct ultrasonic visualization to avoid injury to the 
bowels [30]. Additionally, the location of the epigastric ves- 
sels can also be defined using Doppler ultrasound, thus mini- 
mizing bleeding complications. The incidence of early 
complications was low in this series, with 3 % incidence of 
bowel perforation, 3 % of unsuccessful attempts, and 3 % 
outflow failure. 

Advantages of the fluoroscopic technique include mini- 
mal invasiveness, no need of special equipment and training 
required for the use of peritoneoscopy, and less likelihood of 
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Fig. 32.11 Steps of placement of a PD catheter by peritoneoscopy 
using the Y-Tec™ system (Figures courtesy of Merit, Inc., now market- 
ing Medigroup products in peritoneal dialysis). (a) Placement of trocar 
with surrounding cannula and Luke™ catheter guide, after dissection to 
the external rectus sheath and local anesthesia. (b) Inspection of the 
visceral peritoneal surface to determine movement with inspiration. (c) 
Infusion of air into the peritoneum with patient in Trendelenburg posi- 
tion. (d) Inspection of air space and advancement of cannula into peri- 
toneum, into a clear space next to the parietal peritoneum and free of 
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adhesions. (e) Dilation of Luke™ guide by 4- and 6-mm-diameter dila- 
tors. (f) Advancement of PD catheter with internal stylet, retracting 
stylet intermittently until deep cuff rests on outside of rectus sheath. (g) 
Advancement of cuff into rectus muscle using Cuff Implantor™. (h) 
Removal of Luke™ guide while holding the cuff in place with Cuff 
Implantor™. (i) Marking exit site and making stab incision after local 
anesthesia. (j) Pulling catheter through tunnel with Tunnelor™ tool. 
Tract is dilated by hemostats that are pulled into the tunnel after being 
lightly attached to the catheter 
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Fig. 32.11 (continued) 


leakage and infection. The procedure, similar to other percu- 
taneous techniques, can be performed under local anesthesia 
and moderate conscious sedation without the need of gen- 
eral anesthesia. The drawbacks of the technique include the 
need of fluoroscopic equipment, exposure to radiation, need 
to use radiocontrast medium, relatively “blind” access of 
peritoneal cavity and advancement of the catheter, and theo- 
retical likelihood of bowel perforation. Also, a careful selec- 
tion of patients is necessary to avoid placement of the 
catheter against adhesions or omentum leading to poor func- 
tion of the catheter. 


32.5.6 Blind (Seldinger) Technique 


Percutaneous placement of PD catheter with the blind 
Seldinger technique was used just after split sheath catheters 
became available for placement of internal jugular catheters 
for dialysis in the early 1990s [31]. The technique involves 
use of a needle and a guidewire, with no direct visualization 
of the peritoneal cavity. A dilator and split sheath are placed 
over the guidewire, allowing the catheter to follow the same 
course as the guidewire into the peritoneum. The blind tech- 
nique is not commonly practiced in the USA, though the 
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Fig. 32.12 Views of the parietal peritoneum and intraperitoneal adhe- 
sions taken through the Y-Tec™ peritoneoscope during placement of 
PD catheters. (a) Normal peritoneum, view of left lower quadrant 
through Y-Tec™ scope, with parietal peritoneum above and visceral 


same basic components are used in fluoroscopic placement 
techniques in many practices. The advantages of the blind 
technique include no need for expensive imaging equipment 
and using only local anesthesia and moderate sedation. The 
disadvantages are primarily from the inability to place the 
catheter under direct visualization of the peritoneal cavity 
and a risk of bowel perforation by the initial needle entry. As 
with the peritoneoscopic and fluoroscopic methods of place- 
ment, certain types of catheters cannot be placed using this 
technique (Missouri and TWH). Although the risk of 


peritoneum below. (b) Broad midline adhesion from prior midline inci- 
sion. (c) Broad omental adhesion to anterior parietal peritoneum after 
fungal peritonitis. (d) Wispy adhesions sometimes seen in patients 
without prior abdominal surgery 


complications is intuitively high, one study found no differ- 
ence in complications between catheter placed at the bedside 
and those placed surgically [32]. 


32.5.7 Relative Success of Placement 
Techniques 


The percutaneous techniques include blind (Seldinger) tech- 
nique, peritoneoscopic placement, or fluoroscopic placement. 
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Fig. 32.13 Kaplan-Meier plot of Tenckhoff catheter survival accord- 
ing to the technique of placement, peritoneoscopy versus surgery (From 
Eklund [8]) 


Fig. 32.14 Peritoneogram taken after placement of needle into the 
peritoneum during fluoroscopic PD catheter placement (Courtesy Dr. 
Ken Abreo) 


The percutaneous techniques are at least as effective and safe 
as surgical placement. Moreover, there is evidence that these 
techniques offer lesser risk of complications and better cath- 
eter function and survival. The percutaneous techniques are 
tolerated better with quicker recovery than the surgical place- 
ment. Use of imaging techniques during percutaneous place- 
ment offers further enhancement of safety and represents an 
advance in better control of the positioning of the PD cathe- 
ter. On the other hand, for all techniques there is a learning 
curve. One publication has demonstrated that optimal suc- 
cess in peritoneoscopic catheter placement by a physician 
occurs with about 20 procedures done [26]. The skill of the 
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Fig. 32.15 Course of guidewire after insertion and curving into the 
anterior peritoneal space 


operator is at least as important in PD catheter success as the 
exact technique chosen. 

Various percutaneous and surgical techniques have been 
shown to be effective but appear to have differing frequen- 
cies of complications. When complications are defined as 
infections, outflow failure, and subcutaneous leaks, and fol- 
lowing catheters throughout many months of function, the 
peritoneoscopic technique appears to have the lowest inci- 
dence of all complications at 7, 4, and 2 %, respectively. 
Blind technique is the next lowest with complications at 23, 
16, and 11 %, respectively, and dissective or surgical place- 
ment has the highest complication rate at 45, 13, and 9 %, 
respectively. A note of caution is necessary however, since 
the comparison among the techniques may be biased by 
patient selection and demographics [33]. Laparoscopic tech- 
niques, when combined with omentopexy and long rectus 
tunnel of the catheter, provide excellent long-term and short- 
term catheter outcomes [5, 13, 14] but usually require a well- 
equipped operating room and general anesthesia. 


32.6 Embedding PD Catheters 
and Exteriorizing 


Traditional implantation of Tenckhoff catheters involves 
immediate exteriorization of the external segment through 
the skin, so that the catheter can be used for supportive PD or 
for intermittent infusions during the “break-in” period. In 
order to prevent blockage and to confirm function, the cath- 
eter is flushed at least weekly with saline or dialysate. The 
catheter must also be bandaged, and the skin exit site must be 
kept clean in the weeks after placement, to avoid bacterial 
contamination of the exit site. The patient must therefore be 
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trained in some techniques of catheter care. It has always 
been difficult to decide when to place a PD catheter in a 
patient with chronic renal insufficiency. If the catheter is 
placed too early, the patient may spend weeks to months car- 
ing for a catheter, which is not used for dialysis. If the cath- 
eter is placed after the patient becomes uremic, then it is used 
for PD therapy without a “break-in” period or hemodialysis 
is used to provide time for ingrowth of fibrous tissue to the 
cuffs. 

Moncrief and Popovich devised a placement technique in 
which the entire peritoneal catheter can be embedded or 
“buried” under the skin some weeks to months before it is 
used [34]. The catheter burying technique was first described 
for placement of a modified Tenckhoff catheter with a 
2.5-cm-long superficial cuff, but the technique has been 
adopted for standard dual-cuff Tenckhoff catheters [35-37]. 
In the original technique, the external portion of the catheter 
was brought through a 2—3-cm skin exit site (much larger 
than the usual 0.5-cm incision). The catheter was then tied 
off with silk suture then coiled and placed into a “pouch” 
created under the skin. The skin exit site was then closed. 
Weeks to months later, the original skin exit site was opened, 
and the free end of the catheter was brought through the orig- 
inal skin large exit site. 

Burying the entire external limb of the catheter under the 
skin in a subcutaneous tunnel eliminates an exit wound. 
Healing and tissue ingrowth into the cuffs occurs while the 
catheter is buried in this sterile environment. At a later date, 
3-5 weeks after insertion, a small incision is made 2—4 cm 
distal to the subcutaneous cuff, and the external limb of the 
catheter is brought out through the skin. The catheter may be 
left in place under the skin for many months. During this 
time, the patient is not faced with exit-site maintenance 
issues or risk of infection. Full volume PD may be initiated 
immediately following exteriorization without concerns of 
pericatheter leak. The goal of burying the PD catheter was to 
allow ingrowth of tissue into the cuffs of the catheter without 
chance of bacterial colonization, and to allow the exit site to 
be created after tissue had fully grown into the deep and sub- 
cutaneous cuffs. Burying the catheter effectively eliminated 
early pericatheter leaks and decreased the incidence of peri- 
tonitis rate. In 66 months of follow-up, patients with the bur- 
ied Tenckhoff catheter had peritonitis infection rates of 
0.017—0.37 infections per year versus |.3—1.9 infections per 
year in control patients [34]. In a study of 26 buried 
Tenckhoff catheters, the incidence of infection complica- 
tions during PD was 0.8 infections per year, and catheter- 
related peritonitis was only 0.036 per patient-year [35]. A 
retrospective study confirmed a significantly lower catheter 
infection and peritonitis rate in patients having had buried 
catheters and a significantly longer catheter life [38], 
although the procedure was not effective when used for 
single-cuff catheters [39]. 
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Exit-site infections were not decreased in catheters that 
were buried, but this is understandable, since a large exit site 
was created when the catheter was buried and a similarly large 
site was recreated when the catheter was exteriorized. Creating 
the “pouch” under the skin requires a considerable amount of 
dissection and trauma near the exit site. The size of the pocket 
limits the length of catheter that can be coiled and buried 
under the skin, limiting the external length of the catheter after 
exteriorization. The exit site must be opened widely to remove 
the catheter, because the coil rests in a position distant from 
the skin exit site. Subcutaneous adhesions to the silk suture 
around the catheter further restrict removal. Increased trauma 
near the exit site during placement and removal of the catheter 
has caused an increased incidence of early exit infection with 
this technique. Despite initial reports by the authors of reduc- 
tion in the rate of peritonitis and colonization of bacterial bio- 
films in the catheter segments between the two cuffs, a 
controlled randomized study has failed to confirm these 
claims [40, 41]. A possible reason for the failure to reduce the 
incidence of infectious complications may be the inability of 
the body to provide an effective “seal” around the external 
cuff while the catheter is buried, partly due to the fact that the 
external cuff and coiled external tubing are buried in a 
“pocket” under the skin, according to the initially described 
procedure. Therefore, upon exteriorization of the catheter, the 
process of healing starts all over again. Prischl et al. have also 
reported a high incidence of seromas, subcutaneous hemato- 
mas, and fibrin thrombi postoperatively with the technique 
[41]. Other methods of placement such as tunneling the cath- 
eter straight towards the skin and then making a bend in the 
catheter and then tunneling towards a temporary exit site 
under the umbilicus may diminish general trauma near the 
external cuff, allow better bonding of the cuff to surrounding 
subcutaneous tissues, and diminish the size of exit site created 
in exteriorizing the catheter, all leading to a decreased inci- 
dence of early exit-site infection after exteriorization. To bury 
the external segment in a straight line, a 1-cm exit-site incision 
is made, and the catheter is brought through this incision in 
the usual manner. The catheter is filled with heparinized 
saline, and using a tunneling tool, the catheter is then rein- 
serted through the exit site and tunneled for 15 cm or more in 
a linear direction. A linear tunneling procedure can also be 
done through one exit-site incision, without a need for a sec- 
ond incision, using the same components used during perito- 
neoscopic placement. We reassemble the Luke™ guide 
around the trocar and cannula and insert the assembly through 
the exit site, next to the exiting catheter. The catheter is filled 
with heparinized saline and plugged, and the plugged end is 
then advanced through the Quill guide into the tunnel. The 
Quill is then removed, and the exit site is closed with a subcu- 
taneous Vicryl™ suture. 

For best results, the catheter is allowed to reside in the 
subcutaneous tissues for a period of at least 3-5 weeks. This 


310 


allows for adequate tissue ingrowth into the catheter cuffs. 
Secondary exteriorization of the external catheter limb can 
be performed under local anesthesia, by carefully incising 
the original 1-cm exit incision. Studies of catheters buried 
after surgical placement have still shown some early loss of 
catheters due to outflow failure, but the rates are not higher 
than in immediately exteriorized catheters [42]. 

In planning for hemodialysis of patients with ESRD, it is 
common practice to place a fistula or graft several months 
before the need for initiation of dialysis, so that they can 
“mature” before use. PD catheters also “mature” after place- 
ment, with fibrous tissue ingrowth into the cuffs and devel- 
opment of a fibrous tunnel. The fully ingrown catheter is 
more resistant to infection of cuffs and the surface of the 
catheter. The technique of burying PD catheters after place- 
ment allows this maturation to occur before use of the cath- 
eter, much as with fistulas and grafts. Burying of the external 
limb of the catheter can be performed as a component of any 
of the implantation techniques. 


32.7 Catheter Repositioning 


The incidence of outflow failure of peritoneal catheters is 
from 4 to 16 % over a mean follow-up time of 18 months. 
When outflow failure is accompanied by x-ray evidence of 
catheter migration to the upper abdomen, then omental 
attachment or entrapment in adhesions is highly likely. A 
number of options exist for resolving the problem of outflow 
failure and omental obstruction: 

(a) Laparoscopy, freeing and repositioning the catheter, lys- 
ing adhesions, and performing an omentectomy or 
omentopexy if needed 

(b) Guidewire repositioning of the catheter into the anterior 
peritoneal space with fluoroscopy 

(c) Repositioning by other techniques including metal sty- 
lets, Fogarty balloons, and massage of the abdomen 

(d) Placement of a new PD catheter and removal of the old 
catheter, which if done by peritoneoscopic technique 
also allows confirmation of the omental obstruction of 
the failed PD catheter 

Most of the repositioning techniques are successful in 
restoring hydraulic function of the PD catheter in the short 
term, but long-term function of the catheters is about 50 % of 
those treated. Even though this success is disappointingly 
low, for those patients with catheters that resume hydraulic 
function, the reposition procedure is beneficial. 

Regarding laparoscopic repositioning, Brandt and 
Ricanati reported on 26 procedures performed in 22 patients 
in the 1990s for malfunction occurring an average of 
3.9 months following catheter insertion (range 0.5-18 
months). Omental wrapping was present in all but three 
cases. Lysis of adhesions was required in 19 of 26 cases and 
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only repositioning in seven. Repeat laparoscopy was needed 
after four reocclusions. The overall success rate (defined as 
catheter function 30 days or more after laparoscopy) was 
21/22 (96 %) [42]. Yilmazlar reported 40 consecutive 
patients with who underwent 46 laparoscopic correction pro- 
cedures for the treatment of PD catheter malfunction between 
1994 and 2004. There were 28 tip migrations (defined by the 
catheter being outside the pelvis) in 40 patients; 16 were 
without adhesions and 10 were associated with omental 
adhesions. Reposition and adhesiolysis were the most fre- 
quent procedures performed. Malfunction recurred in 12 
patients, and 5 of them underwent 6 secondary laparoscopic 
procedures. Estimated primary and secondary mean catheter 
survival was 19.9+3.32 months. The authors concluded that 
laparoscopic repositioning and adhesiolysis are successful in 
prolonging PD catheter use [43]. Crabtree reported in 2006 
that omental entrapment can be relieved by laparoscopy, 
freeing omentum from the catheter. An omentopexy is per- 
formed to prevent recurrent obstruction, in which the greater 
omentum is lifted to the upper abdomen and sewn to the 
anterior parietal peritoneum. Crabtree stated that omento- 
pexy can be performed much faster than omentectomy and 
has equal or better results [44]. Other authors have shown 
that similar advantages in PD catheter function can be 
obtained if the omentum is folded towards the upper abdo- 
men and sewn to itself. 

The most popular method of repositioning PD catheters is 
by fluoroscopy, using a long guidewire to bring the catheter 
into the anterior peritoneal space. When a long, flexible 
guidewire is advanced into the coiled or straight Tenckhoff 
catheter, the guidewire eventually forms a loop that can only 
fit in the anterior peritoneal space. The catheter tip is thus 
brought into this space, and when the guidewire is removed, 
the catheter will usually remain next to the parietal perito- 
neum. The catheter will usually be freed from omental 
attachment by this reposition technique. Lee reported a novel 
technique in which advancing one guidewire into the cathe- 
ter forced it towards the pelvis and a second guidewire held 
the catheter in this position while the first was removed. The 
immediate success of the procedure was 86 % and long-term 
success was 59 % [45]. Jwo reported that guidewire reposi- 
tioning was effective in 5 of 11 patients with outflow failure, 
failing in those with “severe adhesions,” improper angle of 
insertion, or extraperitoneal location of the catheter [46]. 
Overall, results with stiff guidewire reposition have improved 
somewhat since the 1990 publication by Moss and Schwab 
[47]. In their study 33 patients developed catheter malfunc- 
tion attributed to malposition. Forty-eight stiff-wire manipu- 
lations were performed on these patients. Thirty-eight (78 %) 
of the manipulations were described as successful at the time 
of transfer from radiology. However, only 25 (51 %) and 12 
(25 %) resulted in functioning catheters at 1 week and 
1 month, respectively. Only 11 of 33 patients who underwent 
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manipulation had functional prolongation of catheter life 
beyond 1 month. The PD catheter was replaced by a column- 
disc PD catheter without additional catheter dysfunction in 
six patients, and the authors recommended that “catheters 
that repetitively malposition should be replaced with a cath- 
eter that is resistant to malpositioning.’ One problem with 
guidewire reposition is that there really is not any open space 
in the anterior peritoneum for the guidewire to open into, 
even if the abdomen is prefilled with a liter of saline or dialy- 
sate. A combination of peritoneoscopy with pneumoperito- 
neum and guidewire reposition might be more successful 
than the purely fluoroscopic techniques, for those skilled in 
both techniques. 

Among other techniques for repositioning, the use of a 
stiff stylet has been the most popular: Dobrashian in 1999 
reported on repositioning of PD catheters using stainless 
wires of 1—2-mm diameter that are bent into a “u” shape and 
then rotated within the PD catheter to reposition it [48]. In 
repositioning 18 straight PD catheters, there was technical 
success in 84 % but only 45 % clinical success, meaning a 
working PD access 6 months later. Jones reported a similar 
technique in 1998, and the overall success rate of catheter 
function was about 60 % at 1 month after the procedure [49]. 
Tu reported that using the hands in compression of the abdo- 
men that many PD catheters can be freed of adhesions and 
restored from outflow failure. Of 30 cases of PD catheter 
migration, repositioning was successful on the first attempt 
in 9 cases, on the third attempt in 10 cases, on the seventh 
attempt in 7 cases, and failed in 4 cases. The overall success 
rate was 87 % [50]. Gadallah reported that placing a Fogarty 
balloon through the PD catheter and “tugging movements 
until proper placement of the PD catheter into the pelvis was 
suspected” resulted in 96 % success in restoring early and 
late function of these catheters [51]. 

A simple alternative to restore peritoneal access in a 
patient with outflow failure is to place a new peritoneal 
catheter and then remove the failed catheter. The goal is to 
place the new catheter through a different peritoneal entry 
site and in a different direction than the failed catheter, 
potentially minimizing the risk of outflow failure. A differ- 
ent type of PD catheter can also be chosen, such as a Swan 
Neck catheter, a catheter of differing ID or stiffness, or dif- 
ferent tip design (straight Tenckhoff versus coiled). The 
new catheter can be placed at the same setting as the 
removal of the old catheter, but the new catheter should be 
placed first and then the failed catheter removed to main- 
tain the best sterility of the operative field. After ultrasound 
of the rectus muscle and parietal and visceral peritoneum, 
a site is chosen for the deep cuff of a new peritoneal cath- 
eter (usually on the opposite side of the peritoneal cavity) 
from the failed catheter. If the new placement is performed 
by peritoneoscopy, this is the site of insertion of the can- 
nula and Y-Tec scope. After creating a pneumoperitoneum 
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Fig.32.16 Appearance of the deep cuff of properly inserted peritoneal 
catheters through the Y-Tec scope. (a) The catheter has a thin omental 
adhesion to the site of the deep cuff (b) normal deep cuff appearance 


and viewing through the scope, the peritoneal entry site of 
the catheter is first located. Inspection confirms that the 
cuff of the failed catheter is extraperitoneal and whether 
there are adhesions to the site of entry, as shown in 
Fig. j. The body of the catheter is then inspected to 
determine whether the tip of the catheter is lying in the 
anterior peritoneal space. For catheters with outflow failure 
and migration, usually the catheter dives into the mass of 
omentum and bowels, and the tip is not visible as shown in 
Fig. , left photograph. The tip of the Y-Tec scope can 
be advanced under the catheter body and the scope rotated 
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Fig.32.17 Appearance of catheters with outflow failure and migration 
through the Y-Tec scope. The most common finding is that the catheter 
dives down into the omentum and it is immovable by mild pressure of 
the tip of the scope (a). Sometimes the catheter is covered by a thin 


to put traction on the catheter. If the catheter is immovable, 
then it almost certainly has omental attachment. In some 
failed catheters, there is a thin layer of omentum over the 
body of the catheter as shown in Fig. 32.17, middle photo- 
graph. In others, the catheter is “plastered” against the pari- 
etal peritoneum by a thin layer of omentum, as shown in 
Fig. 32.17c. If gentle pressure on the catheter fails to dis- 
lodge it or bring it to the anterior peritoneal space, then a 
new catheter is placed through the site of the Y-Tec can- 
nula, making sure to advance the deep cuff into the muscu- 
lature. The failed catheter is then removed. The patient can 


layer of omentum, making the side holes invisible (b). Sometimes the 
catheter is held against the parietal peritoneum by a thin layer of omen- 
tum (c) 


begin nighttime PD exchanges 36 h after placement of the 
new PD catheter. Occasionally the peritoneoscopic evalua- 
tion of a failed PD catheter indicates no omental attach- 
ment and proper position of the catheter in the anterior 
peritoneal space. In this case, the outflow failure is entirely 
“functional,” and greater effort is directed to correcting 
constipation and assuring proper techniques of PD. If the 
new PD catheter is placed laparoscopically, then perform- 
ing an omentopexy, lysing adhesions, and directing the 
new catheter through a long rectus tunnel are indicated, as 
described by Dr. Crabtree. 


32 Operative Considerations for Peritoneal Dialysis Catheter 


32.8 Repair of Pericatheter Leaks 
and Hernias 


Pericatheter leaks are generally due to either outward move- 
ment of the deep cuff from the rectus muscle, a pericatheter 
hernia, or infection of the deep cuff. The leak may be grossly 
obvious when it causes a wet exit site and wet bandages, but 
sometimes the leak merely creates edema in the area of the 
deep cuff of the catheter and results in apparent outflow fail- 
ure. The subcutaneous edema is best detected by grasping 
the subcutaneous tissue on the right and left flanks, to deter- 
mine the skinfold thickness. If the skinfold thickness is 
greater on the catheter side of the abdomen, and if the fingers 
slowly move together on this side, then asymmetric edema is 
present. This is a sign of pericatheter dialysate leak, though 
sometimes it can be caused by heart failure or general fluid 
excess when the patient happens to sleep with the catheter 
side of the abdomen dependent. Ultrasound is very helpful in 
defining a pericatheter leak and pericatheter hernia, as 
described below. 

If there are no signs of peritonitis or tunnel or cuff infec- 
tion (such as warmth or tenderness over the tunnel and cuffs) 
and catheter function is excellent, then it is reasonable to 
repair the pericatheter leak. This can be done by the follow- 
ing steps: 

e Anesthetize the original primary incision. 

e Create a new incision through the primary incision scar, 
using scalpel. 

e Bluntly dissect through the subcutaneous tissue to define 
the catheter tunnel and hernia (if present) and separate 
adhesions from the subcutaneous tissue to the tunnel or 
hernia. 

e Open the tunnel or hernia and inspect the cuff. If it is covered 
by fibrous tissue and adhered to the tunnel or hernia sur- 
rounding it, then it is probably free of infection and the repair 
is possible. (If the deep cuff has no fibrous adhesion to the 
tunnel or hernia and is covered with exudate, then the cuff is 
probably infected and the repair will not be successful). 

e Free the cuff from the surrounding tunnel or hernia. 

e Advance the cuff into the rectus muscle using hemo- 
stats. Assure that in this position, there is no significant 
traction from the superficial cuff (if there is tension on 
the deep cuff, it will not heal in position within the rec- 
tus and the superficial cuff needs to be freed and moved 
closer to the deep cuff). 

e While lifting the catheter upward, place a 2-0 Vicryl 
suture as a purse string in the external rectus sheath 
around the deep cuff location and tunnel or hernia. Tighten 
the suture, and tie and cut excess suture. Place a second 
purse-string suture, tighten, and tie. 

e Close the primary incision with subdermal Vicryl sutures 
and nylon skin sutures or Steri-Strips. 
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This method of correction of pericatheter leak is generally 
successful as long as there is no infection of the deep cuff. 
The fibrous tissue of the tunnel in the rectus quickly bonds to 
the outer fibrous tissue of the cuff, in most cases. It is best to 
wait 3 weeks before starting PD, but if necessary the patient 
can perform manual exchanges or cycler therapy when inac- 
tive and mostly supine, such as from evening to morning 
hours, 36 h after the repair. 


32.9 Catheter Removal 


The physician who placed the PD catheter will be the first to be 
consulted if there are problems with the catheter. Interventional 
nephrologists and radiologists and surgeons who place PD 
catheters should all have the capability to remove these cathe- 
ters when they fail or when the patient has unresolving or 
recurrent peritonitis. Electrocautery and a suction system both 
are of benefit in the procedure. The procedure for removal of 

PD catheters under local anesthesia is as follows: 

e Anesthetize the original primary incision. 

e Create a new incision through the primary incision scar, 
using a scalpel. 

e Dissect through the subcutaneous tissue to define the 
catheter tunnel, and bluntly dissect adhesions of the sub- 
cutaneous space to the tunnel. 

e Lift the tunnel and catheter to the skin surface, using a 
hemostat as a bridge to keep it in this position. 

e Incise the tunnel using cautery or scalpel, exposing the 
catheter surface. 

e Grasp the exposed catheter with a small hemostat. Tag the 
external portion with a suture, and cut the catheter 
between the hemostat and the suture. 

e Lift the hemostat, exposing the tunnel and subcutaneous 
tissue around the catheter. 

e Grasp the tunnel near the hemostat with toothed forceps, 
lift it, and cut it linearly above the catheter with scissors 
or cautery probe. 

e Repeat cutting the tunnel until reaching the level of the 
deep cuff. 

e If the cuff is outside the rectus muscle, incise the tunnel 
just below the cuff, over 1⁄2 circumference of the catheter. 
If the cuff is within the rectus muscle, incise fibrous tissue 
connections between the cuff and the muscle, then incise 
the peritoneal reflection over 1⁄2 circumference of the cath- 
eter. At this time retained peritoneal fluid may exit around 
the catheter, so a suction device is helpful. 

e While lifting the catheter upward, place a 2-0 Vicryl suture 
in a purse-string configuration through the external rectus 
sheath, around the catheter entry point. Do not tighten. 

e Incise the remaining tunnel or peritoneal reflection around 
the catheter, then remove the intraperitoneal portion of the 
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catheter. Pull the Vicryl suture tight and place a second 
purse-string suture around the first, through the external 
rectus sheath. 

e Cut the catheter at the skin exit site. 

e Retract the catheter and superficial cuff towards the pri- 
mary incision. 

e Grasp the tunnel near the hemostat with toothed forceps, 
lift it, and cut it linearly above the catheter with scissors 
or cautery probe. 

e Repeat cutting the tunnel until reaching the level of the 
deep cuff. 

e Incise the subcutaneous tissue connections to the subcutane- 
ous cuff, then incise the reflection of skin attached to the cuff. 

e Remove the external portion of the catheter. 

e Close the primary incision with subdermal Vicryl sutures 
and nylon skin sutures or Steri-Strips. 
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32.10 Ultrasound Examination 
of Existing PD Catheters 


There are reliable physical signs of most problems relating to 
PD catheters, especially those in the subcutaneous tunnel 
and cuffs. However, as in other areas of medicine, ultrasound 
imaging offers considerably more detailed information. 
Much can be learned using the simplest of 2D ultrasound 
imaging devices, such as those which are used for IJ dialysis 
catheter placements. 


Figure includes a number of images of various 
portions of normal and abnormal PD catheters. 
Figure shows the normal appearance of the PD 


catheter within the subcutaneous tunnel. There is no shad- 
owing from the catheter and four lines indicating inner and 
outer surfaces of the silicone tubing. Figure shows 
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Fig. 32.18 Ultrasound appearance of various components of PD cath- 
eters. (a) Normal appearance of catheter in the subcutaneous tunnel. 
Note lack of shadowing and four lines indicating inner and outer sur- 
faces of the silicone catheter. (b) Appearance of subcutaneous tunnel 
with fluid around the catheter. Note that the catheter surfaces are no 
longer visible within the fluid. (c) Normal appearance of the superficial 
cuff of a PD catheter. Note shadowing of the cuff and tissues below and 


no visibility of the cuff material. (d) Appearance of a cuff with fluid 
around it, with visibility of cuff material creating the “signet ring” sign. 
(e) Normal subcutaneous tunnel and catheter, in longitudinal view. (f) A 
subcutaneous tunnel and catheter which seem to disappear. Catheter is 
kinked progresses downward towards rectus at this point. (g) Deep cuff 
within rectus muscle. (h) Deep cuff within rectus muscle with fluid 
around the cuff 
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Fig.32.18 (continued) 


the appearance of the PD catheter subcutaneous tunnel 
when there is fluid around the catheter. Note that the cath- 
eter surfaces are no longer visible within the fluid. Fluid 
around the catheter or around cuffs may occur with peri- 
catheter leak, tunnel infection, or tunnel irritation. 
Figure shows the normal appearance of the superfi- 
cial cuff of a PD catheter. Due to the density of normal 
fibrous ingrowth to the cuff, ultrasound waves do not pen- 
etrate the cuff. The result is shadowing or a loss of imaging 
on the opposite side of the cuff, and there is no visibility of 
the cuff material. Figure shows the ultrasonic image 
appearance of a cuff with fluid around it. The fluid around 
the cuff provides visibility of the cuff material, creating the 
“signet ring” sign. This fluid results from pericatheter fluid 
leak or infection or inflammation of the cuff. Figure 3 
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shows the ultrasonic image of a normal subcutaneous tun- 
nel and catheter, seen in longitudinal view. Figure 3 
shows a subcutaneous tunnel tract of a PD catheter which 
seems to disappear. On closer inspection on several angles, 
the catheter was seen to be kinked and to progress down- 
ward towards the rectus muscle and deep cuff at just this 
point. Figure demonstrates the normal picture of 
the deep cuff within rectus muscle. Note that there is shad- 
owing underneath the cuff, indicating dense fibrous tissue 
ingrowth to the cuff. Figure shows the ultrasonic 
image appearance of a deep cuff within the rectus muscle 
with fluid around the cuff. As with fluid around the cathe- 
ter in the tunnel or the superficial cuff, this indicates 
pericatheter fluid leak, infection, or inflammation of the 
deep cuff. 
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Ultrasonic imaging is also helpful in the evaluation of her- 


nias. With a simple ultrasound machine, the physician can 
determine the size of the hernia, whether there are bowel loops 
included, and the size and shape of the opening to the perito- 
neum. Repeat evaluations and printed images help to indicate 
whether the hernia is enlarging. All of these factors relate to 
the decision about whether the hernia must be repaired for the 
patient to remain on peritoneal dialysis. A small hernia that is 
stable with a small opening to the peritoneum and no bowel 
loops inside may be left for a while. A larger or growing her- 
nia with bowel loops inside should be repaired as soon as pos- 
sible, and this means that PD therapy must be discontinued for 
several weeks to allow healing of the wound. 


References 


10. 


11. 


12. 


13. 


. Gokal R, Alexander S, Ash S, Chen TW, Danielson A, Holmes C, 


Joffe P, Moncrief J, Nichols K, Piraino B, Prowant B, Slingeneyer 
A, Stegmayr B, Twardowski Z, Vas S. Peritoneal catheters and exit 
site practice: toward optimum peritoneal access: 1998 update. Perit 
Dial Int. 1998;18(1):11-33. 


. Crabtree JH. Clinical biodurability of aliphatic polyether 


based polyurethanes as PD catheters. ASAIO J. 2003;49(3): 
290-4. 


. Crabtree JH. Fragmentation of polyurethane PD catheter during 


explantation. Perit Dial Int. 2004;24(6):601-2. 


. Twardowski ZJ, Nichols WK, Nolph KD, Khanna R. Swan neck 


presternal (“bath tub”) catheter for PD. Adv Perit Dial. 
1992;8:3 16-24. 


. Crabtree JH, Fishman A. Laparoscopic implantation of swan neck 


presternal PD catheters. J Laparoendosc Adv Surg Tech A. 
2003;13:131-7. 


. Twardowski ZJ, Prowant BF, Nichols WK, Nolph KD, Khanna R. 


Six-year experience with Swan neck presternal pd catheter. Perit 
Dial Int. 1998;18:598-602. 


. Di Paolo N, Capotondo L, Sansoni E, Romolini V, Simola M, 


Gaggiotti E, Bercia R, Buoncristiani U, Cantù P, Concetti M, De 
Vecchi A, Fatuzzo P, Giannattasio M, La Rosa R, Lopez T, Lo 
Piccolo G, Melandr M, Vezzoli G, Orazi E, Pacitti A, Ramello 
A, Russo F, Napoli M, Tessarin MC. The self-locating cath- 
eter: clinical experience and follow-up. Perit Dial Int. 2004;24: 
359-64. 


. Eklund BH. Surgical implantation of CAPD catheters: pre- 


sentation of midline incision-lateral placement method and 
review of 100 procedures. Nephrol Dial Transplant. 1995;10: 
386-90. 


. Ash SR, Daugirdas JT. Peritoneal access devices. In: Daugirdas JJ, 


Ing TS, editors. Handbook of dialysis. Boston: Little, Brown and 
Co; 1994. p. 275-300. 

Ash SR, Nichols WK. Placement, repair, and removal of chronic 
peritoneal catheters. In: Gokal R, Nolph KD, editors. Textbook of 
PD. Dordrecht: Kluwer Academic; 1994. p. 315-33. 

Kimmelstiel FM, Miller RE, Molinelli BM, Lorch JA. Laparoscopic 
management of PD catheters. Surg Gynecol Obstet. 1993; 
176:565-70. 

Brandt CP, Franceschi D. Laparoscopic placement of PD catheters 
in patients who have undergone prior abdominal operations. J Am 
Coll Surg. 1994;178:515-6. 

Crabtree JH, Fishman A. A laparoscopic approach under local 
anesthesia for PD access. Perit Dial Int. 2000;20:757-65. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


S.R. Ash et al. 


Crabtree JH, Fishman A, Huen IT. Videolaparoscopic PD catheter 
implant and rescue procedures under local anesthesia with nitrous 
oxide pneumoperitoneum. Adv Perit Dial. 1998;14:83—6. 

Draganic B, James A, Booth M, et al. Comparative experience of a 
simple technique for laparoscopic chronic ambulatory PD catheter 
placement. Aust N Z J Surg. 1998;68:735-9. 

Gerhart CD. Needleoscopic placement of Tenckhoff catheters. 
JSLS. 1999;3:155-8. 

Poole GH, Tervit P. Laparoscopic Tenckhoff catheter insertion: a 
prospective study of a new technique. Aust N Z J Surg. 2000; 
70:371-3. 

Crabtree JH, Fishman A. Selective performance of prophylactic 
omentopexy during laparoscopic implantation of PD catheters. 
Surg Laparosc Endosc Percutan Tech. 2003;13:180-4. 

Ogunc G. Videolaparoscopy with omentopexy: a new technique to 
allow placement of a catheter for continuous ambulatory PD. Surg 
Today. 2001;31:942-4. 

Stone MM, Fonkalsrud EW, Salusky IB, et al. Surgical manage- 
ment of PD catheters in children: five-year experience with 1,800 
patient-month follow-up. J Pediatr Surg. 1986;21:1177-81. 
Rinaldi S, Sera F, Verrina E, et al. The Italian registry of pediatric 
chronic PD: a ten-year experience with chronic PD catheters. Perit 
Dial Int. 1998;18:71-4. 

Reissman P, Lyass S, Shiloni E, et al. Placement of a PD catheter 
with routine omentectomy—does it prevent obstruction of the cath- 
eter? Eur J Surg. 1998;164:703-7. 

Handt AE, Ash SR. Longevity of Tenckhoff catheters placed by the 
VITEC peritoneoscopic technique. Perspect Perit Dial. 1984;2: 
30-3. 

Gadallah MF, Pervez A, El-Shahawy MA, Sorrells D, Zibari G, 
McDonald J, Work J. Peritoneoscopic versus surgical placement of 
PD catheters: a prospective randomized study on outcome. Am J 
Kidney Dis. 1999;33:118-22. 

Pastan S, Gassensmith C, Manatunga AK, Copley JB, Smith EJ, 
Hamburger RJ. Prospective comparison of peritoneoscopic and sur- 
gical implantation of CAPD catheters. ASAIO Trans. 1991; 
37:M154-6. 

Goh BL, Ganeshadeva Yudisthra M, Lim TO. Establishing learning 
curve for Tenckhoff catheter insertion by interventional nephrolo- 
gist using CUSUM analysis: how many procedures and in which 
situation? Semin Dial. 2009;22(2):199-203. 

Asif A, Tawakol J, Khan T, Vieira CF, Byers P, Gadalean F, Hogan 
R, Merrill D, Roth D. Modification of the peritoneoscopic tech- 
nique of PD catheter insertion: experience of an interventional 
nephrology program. Semin Dial. 2004;17:171-3. 

Zaman F, Pervez A, Atray NK, Murphy S, Work J, Abreo KD. 
Fluoroscopy-assisted placement of PD catheters by nephrologists. 
Semin Dial. 2005;18:247-S1. 

Vaux EC, Torrie PH, Barker LC, Naik RB, Gibson MR. 
Percutaneous fluoroscopically guided placement of PD catheters- a 
10-year experience. Semin Dial. 2008;21:459-65. 

Maya ID. Ultrasoundfluoroscopy-assisted placement of PD cathe- 
ters. Semin Dial. 2007;20:61 1-5. 

Zappacosta AR, Perras ST, Closkey GM. Seldinger technique for 
Tenckhoff catheter placement. ASAIO Trans. 1991;37:13-5S. 
Ozener C, Bihorac A, Akoglu E. Technical survival of CAPD cath- 
eters: comparison between percutaneous and conventional surgical 
placement techniques. Nephrol Dial Transplant. 2001;16:1893-9. 
Asif A. PD access-related procedures by nephrologists. Semin Dial. 
2004;17:398—-406. 

Moncrief JW, Popovich RP, Simmons EE, et al. The Moncrief- 
Popovich catheter: a new peritoneal access technique for patients 
on PD. ASAIO Trans. 1994;39(1):62—-5. 

Moncrief JW, Popovich RP, Simmons EE, et al. Peritoneal access 
technology. Perit Dial Int. 1993;13(2):S112-23. 


32 


Operative Considerations for Peritoneal Dialysis Catheter 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


Moncrief JW, Popovich RP, Oreopoulos DG, et al. Continuous 
ambulatory PD. In: Gokal R, Nolph KD, editors. Textbook of PD. 
Ist ed. Dordrecht: Kluwer Academic Publishers; 1994. p. 357-98. 
Moncrief JW, Popovich RP, Seare W, et al. PD access technology: 
the Austin Diagnostic Clinic experience. Perit Dial Int. 1996;16: 
$327-2956. 

Caruso DM, Gray DL, Kohr JM, Rodgers LL, Weiland DE, 
VanderWerf BA. Reduction of infectious complications and costs 
using temporary subcutaneous implantation of PD catheters. Adv 
Perit Dial. 1997;13:183-9. 

Stegmayr BG, Wikdahl AM, Arnerlov C, Petersen E. A modified 
lateral technique for the insertion of PD catheters enabling immedi- 
ate start of dialysis. Perit Dial Int. 1998;18(3):329-3158. 
Danielsson A, Blohme L, Tranaeus A, Hylander B. A prospective 
randomized study of the effect of a subcutaneously “buried” PD 
catheter technique versus standard technique on the incidence of 
peritonitis and exit-site infection. Perit Dial Int. 2002;22:211-9. 
Prischl FC, Wallner M, Kalchmair H, Povacz F, Kramar R. Initial 
subcutaneous embedding of the PD catheter-a critical appraisal of 
this new implantation technique. Nephrol Dial Transplant. 
1997;12:1661-7. 

Brandt CP, Ricanati ES. Use of laparoscopy in the management of 
malfunctioning PD catheters. Adv Perit Dial. 1996;12:223-6. 
Yilmazlar T, Kirdak T, Bilgin S, Yavuz M, Yurtkuran M. 
Laparoscopic findings of PD catheter malfunction and management 
outcomes. Perit Dial Int. 2006;26(3):374-9. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


317 


Crabtree JH. Rescue and salvage procedures for mechanical and 
infectious complications of PD. Int J Artif Organs. 2006;29(1): 
67-84. 

Lee C-M, Ko S-F, Chen H-S, Leung T-K. Double guidewire 
method: a novel technique for correction of migrated Tenckhoff PD 
catheter. Perit Dial Int. 2003;23:587-90. 

Jwo SC, Chen KS, Lee CM, Huang CY. Correction of migrated PD 
catheters using lunderquist guidewire: a preliminary report. Perit 
Dial Int. 2001;21(6):619-21. 

Moss JS, Minda SA, Newman GE, Dunnick NR, Vernon WB, 
Schwab SJ. Malpositioned PD catheters: a critical reappraisal of 
correction by stiff-wire manipulation. Am J Kidney Dis. 
1990; 15(4):305-8. 

Dobrashian RD, Conway B, Hutchison A, Gokal R, Taylor PM. 
The repositioning of migrated Tenckhoff continuous ambulatory 
PD catheters under fluoroscopic control. Br J Radiol. 1999;72(857): 
452-6. 

Jones B, McLaughlin K, Mactier RA, Porteous C. Tenckhoff cath- 
eter salvage by closed stiff-wire manipulation without fluoroscopic 
control. Perit Dial Int. 1998;18:415-8. 

Tu W-T, Su Z, Shan Y-S. An original non-traumatic maneuver for 
repositioning migrated PD catheters. Perit Dial Int. 2009;29: 
325-9. 

Gadallah MF, Arora N, Arumugam R, Moles K. Role of Fogarty 
catheter manipulation in management of migrated, nonfunctional 
PD catheters. Am J Kidney Dis. 2000;35(2):301-S. 


Approach to a Patient 
with Visceral Perforation 


Arif Asif 


Bowel perforation continues to be an important complication 
of peritoneal dialysis (PD) catheter insertion and is the single 
most important factor keeping nephrologists from perform- 
ing this procedure. Although the risk of bowel perforation 
following a PD catheter is minimal, nephrologists and sur- 
geons performing this procedure should be well versed in 
diagnosing this complication promptly and managing the 
patient effectively. The true incidence of bowel perforation 
with the peritoneoscopic technique is unknown. A recent 
study evaluating 750 PD catheter insertions performed by 
nephrologists utilizing the peritoneoscopic technique found 
the incidence of this complication to be 0.8 % [1]. Successful 
conservative management of bowel perforation using bowel 
rest and intravenous antibiotics has also been reported [1]. 
Out of 750 catheters inserted utilizing the peritoneoscopic 
technique, six patients suffered bowel perforation. All six 
cases were diagnosed and managed by the nephrologists. 
The diagnosis was established by direct peritoneoscopic 
visualization of bowel mucosa, bowel contents or hard stool, 
return of fecal material, or emanation of foul-smelling gas 
through the cannula in a majority of the cases. Upon diagno- 
sis, all patients were maintained nothing by mouth and given 
intravenous triple-antibiotic therapy. Four patients recovered 
with conservative treatment; two eventually needed surgical 
interventions. Of the two patients, one was a lung transplant 
recipient and heavily immunosuppressed. In the second 
patient, the bowel rest and the antibiotics were not initiated 
until the next day. 

Introduction of a trocar (diameter 2.2 mm) into the 
abdominal cavity is likely responsible for bowel injury when 
a PD catheter is inserted using the peritoneoscopic technique 
[1]. Bowel injuries due to the introduction of insufflation 
needles, trocars, rigid catheters, and colonoscopic 
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examinations have been reported [2—5]. A majority of these 
perforations are usually small and seal spontaneously [6, 7]. 
These “mini-perforations” close within 24—48 h, most likely 
secondary to omental adherence [6-8]. Simkin and Wright 
[8] provided direct evidence of the self-sealing nature of 
bowel perforations sustained during PD catheter insertion. 
During surgical exploration, they observed sealed bowel per- 
forations that were sustained during PD catheter insertion 
12-16 h earlier. 

To further minimize/avoid the risk of perforation, we 
have modified the peritoneoscopic technique. A Veress nee- 
dle instead of a trocar is utilized to gain access to the abdom- 
inal cavity [9]. In contrast to the sharp tip of the trocar, the 
Veress needle has a blunt, self-retracting end. In addition, the 
Veress needle is only 14 gauge as opposed to the 2.2 mm 
diameter of the trocar. After the same skin incision and blunt 
dissection as used in the standard peritoneoscopic technique, 
the anterior rectus sheath is identified and local anesthesia 
infiltrated. At this point, a Veress insufflation needle (Ethicon 
Endo-Surgery Inc., Cincinnati, OH) is introduced into the 
abdominal cavity at the site chosen for trocar insertion. Two 
distinct “pops” are discerned similar to the cannula and tro- 
car of the peritoneoscopic technique. Four to five hundred 
cubic centimeters of air are infused into the abdominal cavity 
through the needle using the insufflation device provided by 
the Y-Tech kit (Medigroup, Naperville, IL) to create an air- 
filled space between the peritoneal surface of the anterior 
abdominal wall and the bowel loops. The Veress needle is 
then removed. At this point, the trocar and cannula are intro- 
duced into this space in the abdominal cavity. The remainder 
of the steps are similar to the peritoneoscopic insertion tech- 
nique. Veress needle insertion adds 2—3 min to the procedure 
time. Using Veress needle, we did not encounter a single per- 
foration in 82 consecutive PD catheter insertions [9]. 

In summary, the peritoneoscopic technique of PD catheter 
insertion allows for the diagnosis of bowel perforation to be 
made immediately and implement therapeutic measures 
promptly. A majority of these patients can be successfully 
managed conservatively with close monitoring of vital signs, 
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serial abdominal examination, bowel rest, and broad- 
spectrum intravenous antibiotics [1]. With this approach, 
patients who do not need surgical intervention can be identi- 
fied and unnecessary laparotomy is avoided. Clinical deteri- 
oration and signs of peritoneal irritation should prompt a 
surgical consult. 
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